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ABSTRACT 


Soil systems are dynamic and are functionally 
under the control of ee Sa) cause-effect relations 
between biotic and abiotic soil constituents and processes. 
It is difficult to delineate the ultimate controlling 
factor in such a system: substrate, environment, or 
the combination of the soil environment and substrate 
accessibility. Two of these factors were quantified in 
this study; substrate supply and the biological component 
of three Alberta soils. In addition, an investigation of 
the disruptive effects of a light crude oil spill on the 
Soil and 1ts biological component, was undertaken by 
clipping surface vegetation, surface-sealing with paraffin 
and adaic1on, OL told. 

Populations of Collembola were 4-, 6- and 
8 x 102 m2 in the 0p 2 cm Of aiBlack Solodized Solonetz, 
Orthic Gray Luvisol and an Eluviated Black Chernozem, 
respectively. The respective mite populations were 21-, 
40-, and 80 x 102 m~2. Estimations were made of the 
potential exponential growth rates of bacterial populations 
expected in these soils under optimal conditions, and 
unlimited substrate accessibility. These values ranged 
between 40 and 80% of maximum. Bacterial populations 
were greatest in those horizons containing the most 


water-soluble organic matter. The accessibility of 
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substrate was concluded sone a greater effect upon 
biological activity than amount of substrate. 

An examination of the effect of Redwater crude 
(14k m *) on properties of a grassland soil demonstrated 
a Significant effect on soil temperature, moisture and 
Mineral nitrogen content. However, the mites and Collem- 
bola were not significantly reduced by treatment. Such 
factors as the decomposition of volatile components of 
thevoil,; adsorption ofthe oil to the soil as: well as 
migration of the meiofauna out of contaminated regions 
of the soil may have protected them from the deleterious 


eftrectes Of thesorl. 


Neg JawiIe 


ated Ka 


cateeh. Clee iiel cepte 


ts > hoe eatin @' 


7 : io j 
Le 7 ot. we i | 
_ Pt 
“? err Oe! Y S12 72RL0F 
L 


ay 
7 
i 
@ 
a 


L4 acta as 
eootme bedieyt dites no" 
prec F 


ote Dah oft Mott . 


Bio 


F ine 
ah P & ave ‘Be 
ye tes: ‘ace ve 
owe ics 3 phte: add ¥a. ‘ue 


ye%s aie thee or yomibe 3 2 


Z an see detain 


ities eh ames sep he Jon erev. 8 
tO vies eames ond wea 


iO ‘sud 


foans — pied yee toma 


c te adherent 


i 7 


.. Pte 


: i wore 


tite sett ap. notsonusbe 5 
4 sto aw ‘ott 5a 


7 


me ee. 
mf =h apie 


ty} Swat 


tte ane 24 ey 


= j . . i 
{ hie 
ips Be & i 
, Ait 
1 j l 
’ 
A ~ 
a x : : 
AND 
Yes 
gt 
ao) « 
‘ 1 
\ 
u a ’ 
) : 
4 a 
1 
4 
| 
: ‘ 
: ina 
2 
=| - 
1 ti 


i 
” 3. 1 
f : ; 
; 7 
\ i 
yay 
2 , me , 1 iy , 
= i ; 
: : <8 
4 conn yy ' 


} i 2 0 - 7 os iW 7 
i me ee ye | rey 


ACKNOWLEDGEMENT 


PewouldiLeke coy coank: Dr. We D.imecGitl, for has 
encouragement and guidance. The technical assistance 
received from Roy Jones and Susan Putz is greatly 
appreciated. I am grateful for the friendship and 


working relationship of fellow Graduate Students. 


va. 


No 


) 


® TN ¢ q (i 
Trier OL OF = 
GIST METS. OS 


TABLE OF CONTENTS 


INTRODUCTION 


LITERATURE REVIEW 


The Soil’ as’ a-Habitat; for the Soil Microflora and 


Meiofauna eoeeees#s§6eeeese@e0eeess3«s#+5eee#585q37'se37oco@*e @#ee#s#ee#sececseeekeeet eee 


THE PHYSICAL ENVIRONMENT SCAG! CRC CRE TON RAC ae ae 


Ae 


THE 


1s 


2h 


SOIL 
1 


me 


SOIL 


i; 


SOIL ATMOSPHERE ST MINN Gael 6 Soils oocls cseh o, ereie 
COMPOST ELENNOENSoOI Gases... .«/5« + By eee iG: eituere 
Factors Controlling the Concentration of 
SOP GOSe Seite eens oie. eee ies a 0.0 8s 9 98's Ay ADRES 
Response of the Soil Microflora and Meio- 
faunaatosOxygen and,Carbon Dioxide,...... 


Varrations: un thereconstitution, of. Soil 


Gases eS ee ele eee eae REN PGS coe Pelee MR Bs aig wiv le 
MOISTURE at aaah Ag AR ee era tate ts ave No. ig ia hatre ob casuete 
Som PiWater Con tenth sci bh oR ROR TA.e.. ae aes 


Response of Microflora and Meiofauna to 
Som Mometureos .4.ceeioe as fn a oe a ee 
STRUCTURE Ts HS Sd eR eR Pee hr phate 
Creation of an Environment in the Soil 
PaCS: 1 eT eos isis BRA ol ater en aes ia AS ah eh : 
Relationship of the Soil Microflora. and 


MeToOLrannartorocotm ro GEuctcure, 2l) 4/3. .wees eae 


Wall. 


Page 


10 


a2 


Ag 


17 


18 


> 00 Saree EY TS * * “+e 


us resins f a b) aru ssi ome sheten “ re G 
a dine’ wits: tity aun Epis sa steapet ait? it ll ea) 
uo : eet meetsts ors T | bcc ra gatids all .4 fi 


+ 
a) 
at Snomdser mitt bee opus eee — 
_ «8 of ies * ' : a 
ve <4) Gbacso te Ot IRII ees e 
ve » «eae % ¥@ st * [o. ree ; 


mY nt B PAR ustedes aaccinan wu rf 
= ~~ ~ ov? © . ée: p a: . . 


« atebheweiM add oo. fe’) 16h Geese oereey (se 
Cn ry a 
{ft at - : coe al tlt ape JLieS aH vr ertuae. 


eee, i ow 


. it i 
fhe ans Yinvan) sien 26; geoee ei a Re oe ty @ | 
woe : 4 \ ae) | A atl 


| | ‘oi Pee) eee an 
$ 4 . - ~ + & " . , * : ¥ q an | . i * @e ss i 45 ** aarpval Bs i Os aN 
: _ : a i \ i: 


1 ie oo ere 4 aati Pe Lemie aahae. 2 


it eee ee lontos to" EOESO oc a 
: ¥ P id : 7 , Pet 


Sot -eptelPespkpoasih, Ad ernens estan 3% 


ze cee ps ‘chelate ese os deduis 


=, 


ne ee ae soda piss orld audi ibe yal o 


ei 


, & bala 
| eo . a mniecha its, oe eepaNaa Cae, 
: > “anon aiag che #0) woriake Rea gang rile A ot 
ies Coa ek! sea oh wore pameee Lapoartis hosel a 7 
a. baht,” ‘Mor tBas o's) a Act lh 
Re: “*eees. os ia 7” en 8% noisudbateke ford tae ry : . 
"i ié verre ee rind Sand Se: ifandsez OE ‘es “ 
aa). ; ae ee “4 Os ict bees hs = Bes Ra Lee, «E | 
a . ; a 7 a 7 any ; eb rat r +t) i 
je A co ee eS a ee 


HBG & 


THE ROLE OF THE MICROFLORA AND MEIOFAUNA IN THE 
ENERGETICS OF SOIL ORGANIC MATTER DECOMPOSITION 


A. CONTRIBUTIONS OF THE SOIL MICROFLORA AND 


ME TORAUND SLOe SOR BEOACTIVELY, | is bic cin oe 10.0 ele ere 
Oem EU LOM EY Omine PL Eis, pa ei\e\ie) «<0 se! ol enere seis 
Pee CNL Oe OES WOOL BON VL SOMME L "6s eso ele, scars e0 

tele er ys Gal GOVE COMME Cy & mils ersdie s/e\s.is #0 .0 

Oe eS GMiemiLGal BNV 1 POMMeIIeG (ss c/e.0 ele «ie 5 80's 
Ba CHANG Eom e oO lis iO Liem IE cleles sl’ 6: eel scs wiele o-0\s 


RESULTS AND DISCUSSION 
PART de 


WATER-SOLUBLE ORGANIC MATTER AND THE MICROFLORA AND 


MELORAUNRD (OR THREE AL BER TAP SOMtS eee ee ses «0 6 oe. 86 
MAC EN PAs eu es OU) canner late Nett pelettras. le j6'e: a 01's) ole eiele sles 
Pion 1) (eC Ly Set Oa SOM itor a! Pel che cite shel el eheretel epekereveuets © ‘00 ie ale. % 
in  POPUMEE OME ASSES SMM Is vsla are les  eleisie ses 

Tile POG ean Mee eras Sea tel eles, tale c eters 6 ole eaves ots 

Le EE REVEL MMs SMa a he te teilc xc Boos roth. 6, mae entote vais fais 0 ate see 

Cia MO Ogmewn ChE OMOU Saints sie 5 ¢s.4 4 «es 6 store lets 

2 AD ol Serer OO ee tt gy oey sis tase \6 tal ss. 6 60 %e sce a ie tetate s 

Qe DeNVaALeGenace IAGULVIECY tre ts evevs.e «6s 6 


b. Water-Soluble Organic Matter Content 
i) Anthrone=Reactive, Carbon ais. 05% 


11). “Ninhydrin-Reactive Nitrogen’ ~.5.. 


iii) Total Water-Soluble Carbon ..... 
CilmePhyst_Co-cnemicalrbaramecters "oi. ws «: 
Tee MOTGCUICCE. Vareyetcdsie she, shadttalorete: erers eres 

SEES a} s URES Pcp. iets airehite odes Tels, a Mi emebatd che cevars 


or) 


oye) 


66 


66 


66 


67 


68 


70 


70 


iho) 


70 


70 


70 


tht 


yp 


we 


71 


i 


ae 


73 


v3 


74 


74 


74 


can Ue 


i 
=: 


CHAR 


hie, hahaie’ gah o'as)s DO Speen Hghoe =o nae a 


.- 3 pice ante aaa 2. avi? Se i 7” ry, 


ee napendty eviipeeis “o eSiwtin ss ey 


at 


any ce ‘getline x awk pet 


¥e; MBC" yee Sa T°h4N ne <a 
obs KI3 7 ne cir See eet Hah oh rf 
rt ere cote ane on pound 
Lae bites: RO aS no hpeceandieies ob 
+ ta ain 


i ” ‘ * é * J | S fi i} \ ye oa v to eo za si ae of 


—_ — 
aT ma KIL HRY 3 i 


| fh 8) rh 


sQidoeoie air cvs ATTA ORME paste aie a ae 
co.) airde aba aie ae Saini 
Be Fee ey op oh eral rae Sov Cima Aina Ketan, 


2 \ So pee j 
is ' ete fe. s 
- 


setae ee ee ra FGI ape eek apide une: i 
; Sere ee ee sc 
atone 
. « ‘ 7 «" * * = . ean > @ omer 72 
ae : Uta 
P 7k fs . CebGgat rats Tige..' «st 
7 4 ne a oe 
* 4m - ‘4 - oye + * @> = @ 2 ok has) < (Oy ame 7 . 
ee ae) OF ee ee lls 
‘ile Was Ta act ay j= oF: 
| rt . la " iy 2 . Ms 
Sgerhed edie ehegno guid bs sare Jd 
’ ” ie ; oe at ie 


= 


; ry ; - ' eodgso Ss li aur aegee tator } (28 


ek +s'ie “eiiiers ema oe Fagintes cat ayns iy 
awe th oi teat <a  ahaaoiitin 2 ; 


ne 


/yitode y nda Rabe aE = Lid 


oe ae ; ' a) : 
ee : - 
Pa Ls i i i By 
ap — s li : Ll ~ot 
— a oi abe o as a rh ia ve Somer ee 7? 7 oan 


PU Ee coe) Oi ) Petale Move eke iatists telmtelalierls. 6 ple lorm oc Sie le ehaleie ele etecelales) 6? 6 
PM EE PCa olen Ne eM eaS Gl a ialle a Pena iaitel'd) cle ctelsy ele cerpie'le) elaval siecle «e's 6% 
Diora Pet a) EOCENE on PID er ane /ohaialrs. Y's 'el es ele eres sie 6 ere 

a AGE Va Abr mnets cee tev eyePs fal aCe alot Niue WP ke a Sale, ee & 

2 LeLO Mat EO OOU Sma lars Whe lberete ile: aus oni e Gis eiececevela 
Ce INA ESR SOU eis rORGAN TG MAT GER: fh ncs wet endeey oscpewercienet os 
ESCM SS UONE Seer eo Lelle ve Pahevote, aie cudtewelells sles we cde deals « 

PART VE. 

Deis kh uO bier tale EMIGN GD » Wietele teats 6 a) site is wllele seve 
MATERIAL Oy AND MET HOD Od) Visi.’ ctelhstleteh ths Leliebate. ofa le ale: ehs\ elise 01s, « 
ia Tae ues Pe Borne Gis CJL eM Nihon ededcl/chs te tal ele esi felelhe le. 0) 6i\s 


is Sampling and Extraction of Collembola and 


DUA St ears st si o'ce mre en ore sop eels Gels (site cies's: ene ecei'eper sees 

Za. PNYSsico-Chemucal Analysis, Of jSO1) J... ss 

re CMe ce IOs 's' S) syeueua led speleis uae). cite,sjccereuese neue 

Dip siete NiO GET miles ailshe ateleie evshelers.e:6 6 ; 

Ce MATES Mad omcdecemswiys tke sale dslisveistienogn ie), syemuimeBciet Avs. 6 s\e..s 

By PBL Nee oe a NG Weeee alike Paty adel s Leet olg ality s) eitei.ap su. chagle Beds 
STAD Pot UCRE PANG Wo to Wii etiel sols ele G\ehele leis shelevaine ¢s(.eele aoa 
FORUMS is 1s ier sake. se oe es om emo Metitan eilele tuniis eu cue “Oke ecalelel's. «at's. ok she 'ons 
A. SOUT MOS UR Ei le emeiellet ios ete sbobe hus. shic shale) logiticce cons: (wiles: -« 
Bib ESOL Heme ie cc. stom er noe conte tain wh i oat Me 
Ce SOA NTR OG BN irs tke ve oe eet ash sie) s\s suche lefemene aks |» 
D. SU ing Cee EU ESIC | elects lepereuedenelel el elsrs, as oierelalsie wisiels ° 
Bet Rely CMG LPT Recah GC) OO) ce cu beck leks, suenekeleWodnbens, 6 
DESCUSS LON TE eieleles ‘sae cus leacis S efeketsWean coke! eusjele sMeke, oc eBelagle' s 0, 's 


74 


74 


78 


78 


83 


83 


90 


4 


a2 


oe 


a2 


eps" 


25 


94 


94 


94 


95 


96 


96 


99 


99 


103 


106 


HS 8 


sale a ie = a 
e Pee m 2 @ 
* rm 4 
: 
* % “d 
< 
* 4 “ 
“ a : 7 4 4 
. 
sé’ & 4 * 
, 
a & . 


“0 6 eae > ee 


a 
= 
——— 
ae = se 4 
~ 
> - + - 288 8 2, P 
ey: 
é Ve 
art eee en @ * 


io is gt 
‘>t a Pe « 6.8 q:6 erty) 
Y : on 


gta ee 
aa 


*s © +. €, 


aes ae ‘4 


a «4 & 


can Scoeat ee a 
7 ms , Pres +4 6.2 41@ P Ms “wemeausiere | 
ie oh 
} any : 
LE oat ; | 
rectal ho staneana ior 
se acqueam ae OMA Bate vital d 
; sie ane Me r REMAI ; lee ‘i 
Pere eo 
= / ‘ i : i 7 ' [ 
« eld) bb 24 ie . stil wy i ag by S 
i ers } ‘ - 


7 er en 


~ « 
© 
-"<«-* fi 
2 
©“ f ‘ 
go ® .*« 
i eo 
£ 
<i 5 
> a 
* 
# 
i 
= « 8 
; a & FP 
*@-e 


vn a 


INE 


ag a eae = 0 — 


: ‘ : 
-t # a e = * sr 


WeaHeto i) [os seem 


af ak ae ty | Bey 7 2 
ae | ital See 
-_* sr aH i: vi) ade me igor sik 
a*ppee a ‘42k tan 1apttee wae 


aa ant a ae ee i > arian fee 
: ioe e Pa * vy - Maat ete agoe, 


Ae ewe 


o 7 wie tr 
, oF 5 
ay a 
i i 4 
oe th 


7 a %: ‘em an “ty vaARY ie 


4 . is st hd op 


a 
"i 
$e 


al 


ii eae oe 


1 


‘iia ate : 
aioe ahion sree eu Wy 


SUMMARY 


114 
REP BNC oi PD oie vale alelsis eis leila s\lel@ ae ce eMail tal Sinise Lakers: 0:5 LL 7-33 
APPENDICES 
APPENDIX Acs) ELLERSEIE OLL) EXPERIMENT, 1976 
1. Gravimetric percentage moistures determined 
EOVatG CMedeptlhi.: 21 .-30. BGs) chee Var ai eos eletere stinl'cle 6) Gienkts 134 
2.) SOLE pH determined’ in 0501 M CaCl> to a 6 cm 
Ce Ee ae, seme eee! Scalia wae plies feller ere) ei oie ses, 6.6 sla). sle.s 165 
3. Soil temperature at the Ellerslie soil read 
Stmapelemedeplhbat wy hcOOMR Ecce See be cee aie 136 
4. The NH, -N (ug NH, =Nqg10.D? ‘soml) content 
of the Ellerslie soil determined to a 6 cm 
AED Een) Peres cal ciu\ a Went el sts saretereteieds ioyelg sic eleterces Shas Ib ew 
>. MherNlOssNocontente(uganOo-Negpo.D.vsoil).of 
the Ellerslie soil determined to a depth of 
Die E) Wee ake er tetes RY Copeman iene ibs nv Abc cents Aue Sardine Pash aera 138 
6. Enumeration of Arthropods in the Ellerslie 
SOLlsOecermined idertnie: 5-6 CM GEeDEN . ec. 5. «6 139 
7. 'Arthropod Enumeration: Comparison’ of control 
VS. 1011 soreatment at depth. (Raw Data). .... 140 
APPENDIX B.” BDGLERSDIE OLE EXPERIMENT), 19:77 
8. The gravimetric moisture percentage determined 
at, 3 ecmuIntervalrs ito fa idepthn of) 12 cm: 141 
9. The) pH (0.01. MiCaCi>), in) thesEllerslie soil 
determined” to ta L2eemvdepthr at (3) .cm.) os... es 142 
10. The mid-day temperature readings of the 
Ellerslie soil read at 3 cm*intervals to a 
Ce Dit O feels Walser ratsteretsinisteteters’ os. e'els chars savas. s 143 
11. Arthropod Enumeration: Comparison of effect 
Of MEreatmenc Lon CNS cSOml LAU 6 \\ic.sie o/s soe .enels « 144 
12. The Collembola and mites found in the 
Ellerslie soil on three consecutive sampling 
dates during the 1977 sampling season. Samples 
were taken to a depth of 12 cm and divided 
into 3 cm intervals. NOAEAIY 5 feie ate eae rns ta Saeen : 145 


4a i 


is if Sal 
exe oe N i es «ww . o's “4 Sa 
a ‘ . = “3 SAE a) ae fe : 


mine esseaede OPO 


ue @ € of elas vw ED. Ose ieee ioe 4 SB a 
etl £Ve ws - “" so joeneh sete beagees Be 


ian 


v 


shes 


ay A eivis ws tis! se shail me, ye ae 
3 : Wy 
oa 1 yt (al SOE : - fe r* 7 i ae ate 
a 2 & ott be io aii a? cers he! a” 
i *-. 6 ' y+ * Beg tet * + ‘aad | 
+e \(hioe VE.0 po “eyo ). snbbaos K- ae ar: 
to 44 rest &.Oo7 bs ja os ae al) elevate ah 
“BE J a hada br seas F ek ae i 8 
)heae tie Sii9 ne Toone ss 
€7 1 wcll sf as Sq ah; aS te eee s= 
: oe - Ld » Bf fe. 7 7 f 
Teo ee ey LURKER D Qasr oe Das eh Fe 5a hel 
Obs ‘ aa oS wet) : ‘aIGRY Je Spee FES 33 | ky 


v= 


a3: As. Steyn ster aro nauanedea 


| ae beineteieds Sh eeanamee ae 
Last oe lee Lf in na See | Eas’ 3 Cav tay ‘iY 


fia iar ah ab ts Lie 1, D0, 0b 
id ss gah a STs) oF iknveedl 


aa 
- 


am o aes te api tDnep. dextanapiees yb pen a 
4-69 efuVisent oot de Beat fbok atlenel ia. 

gs ic Wesco arise cchgci od C1 ap asada. 
dositg. oe fOBE%e ane) 
“eitcey Liar Si) AO ital x 


Sine ae Sens 


iw 


SE aided 
ot 


pee sre st as 
: pr oan a Iv Odayiee’: set 
Me se Sele 
eel ; a ee ce ae : - 


oe fk, | ae eer es 


uy oe : ee 
f° OR. 
oo F i 4 . 
- ‘i 
aed - i a 
ie ; one 
; Ls én i 4 
‘ ee Ny i. J 
7 eal oy. ae A 4 die 


| hashes" careteion si6diaaa™ Diysitle oat 
a4 Pam," Oe Ce whe wl a hal at 7 ye ee - 


tsa Lios oblenel lS Say ae Aasanwates f¥ea i 


as 


Sd eb 


¥ ‘ete lies dinledethe. eer eT mae 


a 


APPENDIX C. VARIATIONS IN WATER-SOLUBLE ORGANIC 


2 SHA 


14. 
ok. 
O. 


be 


UG. 


Nokes 


20K 


Zi5 


eae 


VITA 


MATTER AND SOIL FAUNA OF THREE ALBERTA 
SOILS 


Ellerslie: Gleyed Eluviated Black 
Chernozem. 


Determination of gravimetric moisture 
percentage for the Ellerslie LFH horizons. .. 


pH (Ole0r MVCacl >) + (Raw Data)? AR. Be. [ee ad Ae 
TOs wCamooOn i RAW Da tal) Hee retercerae. oie eteuate.svele eee 
Bacresralr COUR ES. ites) ere SN re Eiko oe e's 


The number of Collembola and mites found in 
GHEE le rst ter Er A) NOMA ZOMS Be eres ol choles yevele ie oS 


Physico-chemical analysis of the Ellerslie 
MANeCLal eAOEL ZOMcn. Gers cte steteue semancreteisvace le 4 Stanecete. 6 


Bacterial numbers of the Ellerslie mineral 
horizons vdetermined Vin #PGA Raga 5 oe we 


The number of Collembols and mites in the 
ELllersinve mineral NOREZOM oer. Fore. Seek Cw es 


The gravimetric moisture percentage and pH 
(0.01 M CaCl j) for the Breton soil determined 
EQEVEOUL  GSPTNSy Petites Mare Feel) co's bi atalorets eral eles 


Bacterial numbers of the Breton soil as 
determinedton, © CAy AG aL «1 Wale aoe ars iels @ boos etal e oe 8 % 


XPS 


146 


147 


147 


148 


149 


150 


150 


151 


a2 


oe 


bem 


. —ReUeemnH HES 


agl\ebl aes Lae . (ese eRe. aa 7 aa — 


SSiysers J 8b 


eg ; 7 i ny! 


=e 


‘Aane ea Bedetewety | ase 428 


is a pom 


AE ee BIR coy nso meee 


A 
ne 
ang 
e 
— 
=F 


i Wik 68, 


a 


Horie 


7 red Se wre on a games ie BY by ga 
eae fay s ye } 4 aa tered itn Se: 


RPP aay suse url i 
e) bee ee rebp dei a 


ree® 


Wy, Deg 3 
i a A vie = ews + ho 


acy ; ar 


a Lio ray oni, 
ae ye 71 ‘DSi 


geal 
iiots _* ) © 7.8Qr ! <4 "ate 


* a nf 


f viet i : va ®) . 
aes : ie . b. , : = in oF fad 
st, « SE ea bietn eos le F esa alee re tee ys 5 eae a 
. . : ’ 


“% PP. 


Table 


RU 


1 Gs 


LIST OF TABLES 


Description 


Production of CO5 by various soils and 
soil-plant systems. 


Data demonstrating variability of soil 
gases under a feedlot and in a cropped 
Soil) ¢(Bldiottand’McCalla,w1972).< 


Estimate of water film thickness and 
forces acting upon soil water at 1/3 
bar and 15 bar moisture content 
(Rapoport and Tschapek, 1967). 


Criteria used to describe the soil 
pedoclimareri(Clayton eugaie, 21977) * 


Mean annual soil temperature determined 
for central Alberta at a depth of 10 cm 
over a ten year period ranging from 
1964 to 1975 (Malhi and McGill). 


Chemistry of a variety of soils in the 
Slave iver Lowland (Pamngienct al, 
LOTS pe 


Comparison of toxic levels of salts as 
determined by a number of authors (Johnson 
and Guenze, 1968). 


General overview of a functional classifi- 
cation system for the soil fauna. 


Diversity of the soil fauna in a grassland 
soil (Macfadyen, 1957). 


Documentation of organic materials observed 
to have been utilized by the soil meiofauna 
for substrate. 


The input of the various components of 
litter in a number of climatic regions 
of the world. 


Page 


iS! 


27, 


29 


35 


2) 


50 


apk 


ou 


60 


eRe wkise, ex: 


eres 30 ged Dect ; 
pagodas 7 fi 
StL 


S 


= Bee beac rhe 
ie A > RS) 
! Fee gal 
i e458" 
) \ i 
ie Line ct 
(Wa Ree 
c MGS I oR: Sat : 
‘ mo GE te gash te perry me 
\ men, Muss siete" 234 
gt SP tao Ute sri aa aye 
J fia ; : rye 
BE ) BE BSE foe 20 - Stebter & 
- we Je Boor. ret): Ee tev * 
‘ aoece each > 3h on TLWO , 
ef | Be BI LEE: Oe Per at 
coenmdeyu)) es0nsve 70 


‘2. <bigeeega oes e Shs basa 4 
) if eras Exoe) ave wt age wd 


5 ft) Seales cs at on or ie a) i 22") vee tad ue | 
a | ale "i ak | | Wea sa = 


ar ‘“, i i. ne 
Be.) \¥2 hévindalie WEeke Rant abot 2 ° ee 
et eae ahi) Lite od3 2 oe add SEE 
ogy a ree pty ‘sees e 

i i > bd j 


v3, m 


| a8 daw di 


UZ 


1b Se 


14. 


| aye 


Le 


1S hs 


re. 


oe 


VANS 


2. 


22 


Biological and physico-chemical para- 
meters measured for the organic horizons 
of the Ellerslie soil. 


Physico-chemical and biological data 
collected on the Ellerslie mineral (Ah) 
horizon. 


Physico-chemical and biological data 
collected on the Breton soil. 


Physico-chemical and biological data 
collected on the Chipman soil. 


Variation in the total water-soluble, 
anthrone-reactive carbon and ninhydrin 
reactive nitrogen in the soil solution of 
the Ellerslie, Breton and Chipman soils. 


A comparison of the total water-soluble 
carbon in the Ellerslie, Breton, and R 
Chipman soils and accompanying values of RL 
as a measure of the potential growth k 
in these soils under optimum conditions. 


Summary of the results of the Ellerslie Oil 
Experiment. 


Ellerslie Oil Experiment - 1977 - 
Gravimetric moisture percentages taken at 
3 cm intervals to a depth of 12 cm with 
accompanying standard deviations of the 
means. 


Determinations of pH utilizing a 1:19 ratio 
of; soil jot). 0OlMwCa Cloy(Blierslie, 1976). 


Ellerslie Oil Experiment = 1977 - 

pH values as determined with 0.01 M 
CaClo<, Samples were takenyat-3 cm 
intervals. to.a depth of 12,cm., Standard 
deviations of the means accompany the 
results (Ellerslie, 1977). 


Determinations of mineral nitrogen levels 
of moist soils as ascertained by steam 
distillation. The values represent mg of 
N’persg of ,O.Ds¢soil (Ellerslie, 1976). 


xiv. 


Page 


79 


80 


81 


82 


84 


a7 


eye) 


100 


LOT 


102 


YR OL eeRg cee ere 
a ages Prot ah 6) 


ag Ma, - édehy Aestecito’: 
(aay ee Sit 


RS i Ce i Hees Pik ts i203 am) iy ong! 
sa | is <a" yA: rs Lid DLs Dies! she ‘avis Ph 


t5 fe ep Pe 7 
2h Mie Memes She 


v5 . iad oe 
| GRRE 
fo @seses" ont 
A | ee | 
antes Batic ee ET 
Maid a \ 


, © MO ei fetes Gil "e279 tees, s 


cy : > 


7 i ase . ON hk eet rhe | ong eyes fi 2 a 
- | | am tee aopeons! pre i rar 
ee fe as ee a, 
ol. a Mabie tines 


tae 


Hos wine oman & this ruc ine, te 
7 ) . «faved eI ETO NA) A) fetch ob 


we | fot i ike fone Att, . Ma an ide io » ale 162i 
alee Go's 2 ve ¢ ~ Et 4 sh eg aed neg . 
a > ee. igi, MS! So Hae rots 
ee Che ne ia aught Aes tying 


me pia ae 


oe 
om S 
' e. i . “ait ‘Naitateat pies co fsa agus ‘. 5% 
Oona a) (hboto ve bee Suk 


wont i WE, 


; aly oe 


Zo 


24. 


ee 


260. 


2a. 


Temperature readings taken at two/three 
intervals (3-6 cm) during the day. 
Temperature was taken in centigrade 
degrees (Ellerslie, 1976). 


Ellerslie Oil Experiment - 1977 - 
Temperature readings taken at 3 cm 
intervals (Ellerslie, 1977). 


Enumeration of soil microarthropods on 
two sampling dates for the 1976 sampling 
season. Note that due to lack of space 
on the Macfadyen high gradient extractor, 
the number of samples were limited. Two 
treatments were chosen for so-called 
depth-sampling (samples taken at 3 cm 
uncenvalsito. a tocal depth iofs 12:.cm)yJall 
Other samples were taken at a depth of 
3-6 cm. The standard deviation of the 
mean, as well as the number of samples 
taken (n) are also indicated. 


A comparison of the number of soil micro- 
arthropods found within the control soil, 
andsthose Toundgin that treated .wiith) oi. 
Samples were taken in 3 cm intervals to a 
depth of 9 cm. Standard deviation of the 
mean as well as the number of samples taken 
(n) are indicated. 


Ellerslie Oil Experiment - 1977 - 
Enumeration- of soil microarthropods, for 
26/04/77. Sampling was done on this 
occasion as. le was.carried, out in 1976. 
The majority of samples were taken to a 
3-6 cm depth. Two treatments were chosen 
to be sampled at depth. 


Ellerslie Oil, Experiment; =.1977\.- 
Enumeration of soil microarthropods for 
three sampling dates during the 1977 season. 
Samples were taken at 3 cm intervals to a 
total.depth,of 12,.cm. forall, replicates. 

N=4 for all samples. 
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INTRODUCTION 


Soil bacteria, Collembola and mites act in 
conjunction with other members of the soil fauna to 
release immobilized organic nutrients and develop soil 
structure. In turn, these organisms are affected by 
soil characteristics such as pH, moisture, temperature, 
aeration and nutrient content. By virtue of their 
activities, the soil microflora and meiofauna modify 
these soil characteristics. For example, CcO,-evolution 
as well as the production of gaseous and soluble end- 
products will alter the pH of the soil solution as well 
as the gaseous components of the soil atmosphere. These 
effects would be especially noted at the level of the 
microsite, and may be undetected by common analytical 
techniques, unless these particular processes predominate 
in the soil. Thus, the soil biomass and inanimate compon- 
ents must be considered concurrently. 

A consideration of the character of the soil as 
a habitat for the soil microflora and meiofauna in terms 
of the atmosphere, water content, soluble salts, and water- 
soluble organic nutrients may elucidate the factors 
causing the characteristic distribution of these organisms. 
Interspecific activities such as predation and production 
of pheromones (Mertens, 1979) may further modify these 


distribution patterns. 
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Because of their intimate association with 


the soil, the meiofauna provide a suitable indication 

of alteration of soil conditions by pollution with 

such products as petroleum hydrocarbons. Addition of 
petroleum hydrocarbons, will in addition to the intro- 
duction of toxic compounds into ‘the soil environment, 
alter soil atmospheric gases, soil temperature, moisture 
regime and substrate levels and composition. Thus, an 
alteration of the soil population in terms of density or 
Species make-up may indicate an intricate reaction of 


the soil organisms to altered soil environmental conditions. 


Thus: this is a study which attempts to investigate 
the soil organisms (bacteria and meiofauna) within the 
framework of their environment. Environmental parameters 
which were measured included soil moisture, pH, nitrogen as 
well as water-soluble nutrients. Addition of petroleum 
hydrocarbons as well as simulated effects of an oil spill 
provided a situation in which to study the effects of 
alteration of the soil character on the soil biomass. The 
literature review discusses the soil in terms of both a 
physical and chemical environment, and finally, the effect 
of the soil microflora and meiofauna upon the physical 


character and energetics of the soil. 
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LITERATURE REVIEW 
THE SOIL AS A HABITAT FOR SOIL MICROFLORA AND MEIOFAUNA 
I. THE PHYSICAL ENVIRONMENT 
A. THE SOIL ATMOSPHERE 

1. Composition of Soil Gases 

Soil gas composition is controlled by a variety 
of physical and biological processes, occurring simulta- 
neously. The soil atmosphere, in turn, affects the reac- 
tivity of soil through its effect on redox potential and 
aerobiosis. For example, under aerobic conditions oxida- 
tive processes predominate: oxidation of ammonium salts 
and nitrite to nitrate: oxidation of sulfur and its com- 
pounds to sulfates; oxidation of endproducts of incomplete 
metabolism such as hydrogen and methane (Taylor and Ashcroft, 
1972). The oxygen tension of aerobic sites is in the order 
of 0.18 atmospheres, as compared to 0.10 atmospheres for 
anaerobic sites (Griffin, 1972). Soil microsites are con- 
Sidered to become anaerobic when the dissolved 05 concen- 


6 M (Greenwood, 1961). Greenwood 


tration drops to 3: 10) 
(1961) calculated that soil aggregates greater than 3 mm 
radius and saturated would have virtually no O05 at the 
Center. 

Under most aerobic conditions, the percentage of 
05 in soil air is comparable to that in the atmosphere at 
the soil surface. However, the concentration of CO5 is 


slightt?ly higher ta the soil: 0.725% CO, by volume as ian 


acceptable concentration in soil air, as compared to 0.03% 
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in the atmosphere (Taylor ae Asheroftynto72pavuNormably 
the COz concentration in the soil atmosphere does not 
exceed 0.5% by volume (Burges, 1967). 

Ze eoFactors (Controlling /theConcentration,of eo Gases 

The constitution of soil gases varies with depth, 
amounts of organic matter, soil moisture, porosity and 
biological activity. 

Two oppoSing processes act to modify the soil 
atmosphere: the simultaneous production of CO, and consump- 
tion of 05, together with gaseous exchange between the soil 
and atmosphere. Variations in the soil atmosphere result 
from differences in the relative rates of these processes. 
The water content and bulk density of the soil also influence 
both the amount of gas that can be stored in soil, and 
gaseous diffusion (Taylor and Ashcroft, 1972). Normally, 

A horizons contain about 50% of pore space, but soil water 
may occupy about 30% of the soil volume, leaving only 203% 
for soil gases. 

Two processes are involved in gaseous exchange 
between the soil and atmosphere: mass flow of gas and 
gaseous diffusion (Taylor and Ashcroft, 1972). Mass flow 
results from changes in temperature and barometric pressure; 
use of soil air by plants; removal and replacement of air 
due to infiltration of water and subsequent drainage; and 
byawinds actdon! forcing air) anto> and out of the soil. 

Air diffuses through soil along partial pressure 


gradients, the pattern of which is dependent upon soil 
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properties which control gaseous movement. Oxygen and 
carbon dioxide, respectively, diffuse into and out of 

soil independently of one another along molecular gradients 
created by usage of oxygen or production of carbon dioxide 
(Wood and Greenwood, 1971). 

Diffusion of gases is considered to occur pri- 
marily via inter-crumb pores. However, gases reach res- 
piration sites via moisture filled pores, or through water 
PLinsawithin the soil crumbs (Smith, 1977): 

MnevaLErUuston.. vuUxVOrrcOnmwout Of soil (J). can be 
calculated from the diftusion coeriicient (D.) of CO> 
through soil, the change in concentration of CO» between 
some point in the soil and the air above it (dC) and the 


distance over which diffusion must take place (dx) using 


dc 
ee eds 


DeJong and Schappert (1972) reported values for D, for CO, 
through a heavy clay in Saskatchewan. Using their values 
and taking a CO5 Goncentration of 0.5% at 10, cm in the soil, 
WitneO0.033 outside the soiiy,wayCOomdifiusive flux of about 
IMS mic hat day? is achieved. Comparing this with data 
summarized in Table 1, it would appear that diffusion will 
result in removal of most of the CO 9 produced by soil 
without letting CO, concentration accumulate to much more 
than the normal upper limit of 0.5%. 

Gaseous exchange at the soil surface is normally 


rapid (Burges, 1951). This exchange rate is considerably 
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TABLES. \Productionso£ CO, by) various 
soils and soil-plant systems 


Comments Kaye hat Day~1 


Semiarid grassland, 
Matador, «Sask... July 


Eluviated black Chernozem 
fallow field, Redwater, 
Alberta, July 


Miplisl Lake ,aiNe We Tes, 
mixed grasses and sedges 
on alluvial material, 
July 


Average during month of 
maximum respiration 


Range in summer respiration 
rates at arid short grass 
prairie site (Pawnee, 
Colorado) 


140 


12 


23 


43 


3550 


Reference 


DeJong and Schappert 
(3972) 


McGill and Rowell 
CLO 77) 


McGill (personal 
communication) 


Krysch (1965)* as’ cited 
by DeJong and Schappert 
(CLS) 
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reduced in soils with a high content of clay because of the 
very small pore size in fine textured soils, and in sandy 
soils due to the relatively small amount of pore space 
(Taylor “and“Ashcroft, 1972). 
Oxygen diffusion rate has been estimated in the 


S242 2 


range of 10 sec”! for very dry ‘soils, to 107° om 
sec-l in saturated soils (Smith, 1977). Therefore, the 
diffusion rate is about 10,000 times faster in dry than 
saturated soils. 
3. Response of the Soil Microflora and Meiofauna to 
Oxygen and Carbon Dioxide 

Actinomycetes “can tolerate va*€O5: °05 "ratio of 
ei eabat pean alteration Of this ratio to 3:1 results in a 
drastic reduction iintgrowehwcates (Wil Brians “et al. p> LovZ)% 

Soil-inhabiting mites and Collembola are favored 
by Concentrations tot e€05mand nitrogen, “higher than an’the 
atmosphere above the soil (Kuhnelt, 1976). Burges (1958) 
postulated that Schweibia mites may actually use areas of 
low oxygen concentration as refuge from predators. The 
migration of mites may be limited by low oxygen concen- 
trations at depth. Little information exists on the oxygen 
requirements of soil-dwelling microarthropods. 

In general, it appears that CO, concentrations 
below 5% are not directly harmful to most soil organisms 
and that O57 concentrations above 10 to 15 percent do not 


inhibit soil organisms. An additional effect of acidity 


due to CO. accumulation must always be kept in mind in 
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addition to the direct effect of the gas itself. 
4, Variations in the Constitution of Soil Gases 

The constitution of soil gases varies with such 
factors as soil structure and compaction. For example, 
anaerobic by-products such as ethylene, methane and nitrous 
Oxide accumulate in soils which have been compacted (Smith and 
Dowdell, 1974). Ethylene is assumed to be of microbial 
Origin, however, no one particular group has been accredited 
(Considine et alt, 1977)s) "Such gaseous components vary 
greatly throughout a seemingly well aerated soil profile, 
indicating that they originate from isolated anaerobic 
sites within the soil and diffuse outwards (Smith and 
Dowdell, 1974). 

Anaerobic end-products such as methane, hydrogen 
sulfide, volatile fatty acids, alcohols, and aldehydes 
may affect seed germination as well as root growth (Smith, 
1977). Ethylene has been found at concentrations greater 
than.0204 ppm inssol) (Smith iand Russell, 1969). that*con-— 
centration found to have detrimental effects on seedlings. 

Evolution of ethylene was found to be positively 
correlated with total organic matter content, and under 
certain circumstances, with pH in the range of 5.0 to 7.3 
(Goodlass and Smith, 1978). 

ELTiott and McCalla® (£972) tound that the¢con- 
stitution of soil gases varied significantly with soil 
treatment and moisture content. Table 2 illustrates that 


a soil beneath a feedlot possessed elevated levels of CO, 
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TABLE 2. Data demonstrating variability of soil gases 
under a feedlot and in a Cropped soil 
(ELIitott- and McCalla, 1972) 


Depth CO9 ey) No CHy Total 
SOE % Volume 
Feedlot 
31 15°90 Do 66.0 8.0 DIGS 
46 L265 D5 6865 8.0 98.5 
61 15.0 eS 65.0 Tay § 98.0 
76 23...0 4.5 45.0 21% 5 1000 
OF Lon 520 53 5 18.0 100.0 
107 1876/0 Bn oy (PS NF is) 98.0 
et? hes i) 50 B65 NB '5 93855 
Jey 21.0 ane 52.0 20730 99 20 
Cornfield 
m1 2 30 18.0 19.40 0 9970 
61 240 18.0 80.0 0 100.0 
os: 25 LS. 190 0 SHY as: 
122 25 13:30 719 20) 0 9975 
15i2 LAO Tee oe. 0 BO) 


These values are means of data collected over a one year 


period. Elevated levels of CO z in the cropped soil result 


from irrigation events. 
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and CH 0, and N, gases are volumetrically decreased. 


ae 2 

Reduced rainfall, and subsequent soil drying, resulted in 
a decline in CO, and CH,, suggesting that these gases are 
produced and accumulate under anaerobic conditions found 
in a wet soil. 


The values of CO, in the cropped field were 


2 
normally in the range of 0.2% to 0.4%, however, they were 
elevated during a period of irrigation. The authors 
attribute this rise to the use of oxygen by growing plants 
and increased anaerobiosis. Note CH, was not detected in 
the cropped soil, suggesting the 'sloppy' conditions of 
soil under the feedlot, and increased deposition of organic 


debris initiated CH, production. 


4 
Be SOIL MOISTURE 
Ll. Soil Water, Content 

Approximately 50% of the soil volume is pore 
space (Rapoport and Tschapek, 1967). Pores are rarely 
completely saturated with water. Only a heavy rainfall, 
irrigation, or snow melt may produce such a condition in 
well drained soils unaffected by a high water table. The 
water regime of a field soil may be represented by the 
Simple equation (Baver, et al., 19/72): 
P’+ IT - R= BE + D + AW where “Py? precipitation 
Ve errr gati.on 
Ry surface run-off 
E: evapotranspiration 


D: drainage (cont d) 
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AW: change in soil water content 
or storage 
The above relation embodies the concept of soil as an open 
system, contiguous with the atmosphere above and the remain- 
der of the lithosphere below, with all components joined by 
the hydrosphere. 
Soil water is usually considered that which may 
be removed by drying mineral soils to a constant weight at 
re°C (Baver Senin, L9/ 2) WAacenmwicl ins che soil, contains 
solutes, however, these substances are ignored unless di- 
rectly affecting the factor being analyzed. Water usually 
empties from the largest pores first, it is held tightly 
in small pores in interstices between soil particles. 
Several forces act upon water within the soil: 
those caused by gravitational pull on water; forces asso- 
ciated with the attraction of water for solid surfaces; 
forces which result from dissolved solutes; as well as 
forces caused by the attraction of water molecules for 
One another, especially at air-water interfaces (Baver 
6tral., 11972; (Rapopern andntochapen,, 96/7).  Therrieffect 
may be quantified as the amount of energy required to 
cause flow against these forces, and is considered poten- 
tial energy, for it is not energy of motion. The forces 
acting upon soil water are termed gravitational potential, 
matric potential, osmotic potential, and pressure poten- 
tial; in total they are called water potential (Baver, 
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categories of water potential (Rapoport and Tschapek, 1967). 

Pressure applied to the soil using a pressure 
plate enables the measurement of the water retention capa- 
bisities*ot.a soil, Two points on tne retention curve of 
@rsor are traditionally of, intereses that of 1/3" and 15 
atmospheres, those contents of water respectively termed 
the 'field capacity’ and 'permanent wilting percentage' of 
the soil. It should be noted, however, that these terms 
are out-dated, especially "permanent wilting point" which 
depends entirely upon the plant. 
2. Response of Microflora and Meiofauna to Soil Moisture 

Rapoport and Tschapek (1967) estimate the thick- 
ness of the film of water expected to cover soil particles 
at 1/3 bar and 15 atmospheres pressure, summarized in 
Table 3. From such data, it was concluded that submerged 
life is not possible even at field capacity for such organ- 
isms as rotifers, protozoa, or bacteria. Since soil animals 
have a very high surface to volume ratio, and are not sub- 
merged, they must survive a desiccating environment, and 
also be able to exchange gases with the atmosphere. Soil 
animals must then adapt to constant water loss, or develop 
membranes which are impermeable to water, but permeable to 
0> and COy. However, most biological membranes are more 
permeable to water than to 09 and CO» and consequently 
constant exchange of water with the surrounding environment 
is to be expected. It should be noted that soil animals 


do not respond to the soil water content directly, but 
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14, 
rather to its availability determined by the forces acting 
upon soil water. The term water activity is used to desig- 
nate water availability within the soil and the response of 
soil organisms tO it.) The’ activity of water’ bears a rela- 


tion to the relative humidity of the soil atmosphere: 


RH 


3A eat ew ys 


= Aw Where: Aw = water activity 

RH = relative humidity 

Av = activity of water vapor 
ie. CEA (crrecical equilibrium activity )iaisidefined as ‘the 
Aw which is tolerated by particular organisms; for many 
terrestrial organisms’ pevis: 05998, wWhartonvand Arlian (1972) 
review the CEA's for a number of organisms. To maintain a 
non-desiccating environment, the relative humidity of the 
soil atmosphere therefore must be 99% (Wharton and Arlian, 
1972). This does not always pertain, thus water must be 
imbibed or ingested in the food, or may be extracted from 


unsaturated air (Buxton, 1930; Lees, 1946; Noble-Nesbitt, 


1997O)) 3 


Soil water potential affects not only the desicca- 
tion of soil animals, but the mobility and decystation of 
such organisms as Protozoa. It appears that optimal respi- 
Fatory activity and mobility. of soil. organisms. exists at 
near 0.5 atmosphere tension (Aw = 0.9996). 

Microorganisms require a relative humidity of at 
least 85%. (McLaren,.1963),, Williams et al.',) (19 72) deter-— 
mined that little growth of actinomycetes occured over 
pF 4 (water potential = -10 atm.; Aw = 0.993; note pF = 
The optimal pF range 


logig (i : oy) 
Jig \wWater potential (cm H50) 
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fungi vary in their response to experimental conditions 
(Shameemullah, 1971).: Below pF 1.9, there is a marked 
reduction in the number of species which can survive, 
presumably due to prevailing anaerobic conditions. Above 
pei2-3, see reduction in surviving species is gradual. 
Trichoderma sp. and Penicillium sp. appear to be tolerant 
of a wide range of moisture conditions. The phycomycetes, 
Gelasinospora, Dicocium and Phoma tolerate water-logged 
S61) condlerong.. Higher soil™suctions appear’ to affect 
the Phycomycetes most dramatically. 

Bacteria and fungi survive adverse moisture 
conditions through formation of endospores, cysts, conidia, 
chlamydospores, or sclerotia. However, certain individuals 
may survive these conditions without the formation of these 
structures. Soil bacteria are generally more sensitive to 
low soil water potential than soil fungi (Cook and Paperdick, 
DOO "eri riin, L9s2 slackson, wo7s-\ wilson and Griffin, 
LOTS) 

The moisture content of the soil is of particular 
importance to soil mites and Collembola. Under equilibrated 
conditions, 69% of the mass of their body may be transpired 
as water or evaporated during each half-life of exchange 
(Wharton and Arlian, 1972). Half-life is described as that 
time required for the exchange of one-half of the water 
content of the arthropod body. 

The Coblembola: differ =100-fold.in theipeabi lity 


to resist desiccation. Variation is also seen in the 
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tendency for different life stages to desiccate. The CEA 


(critical equilibirum activity) is used in place of CEH 
(critical equilibirum humidity) which represents the 
lowest Av where an organism can maintain its net water loss 
at zero, because the former can be used to describe the 
concentration of water in a solution. This factor becomes 
imperative when discussing the availability of soil water 
which may be influenced by the osmotic potential due to 
dissolved solutes (Wharton and Arlian, 1972). Both the CEA 
and CT (critical temperature) are used to define conditions 
EOuUOptLmMal actyvity OL organaisms., sWharton and Arlian” (19:72) 
list a number of values for CEA of a variety of arthropods, 
many of which are found within the soil. These values varied 
within the area of 0.80 to 0.95, but were found as low as 
Ue 3) for Liposcelis Turis (PSsocepeera) andijas high as): 2200 
for Tenebrio molitor, adults. Smaller, unpigmented mites 
appear to be more susceptible to desiccation, than those 
found at the soil surface. 

Soil water activity not only affects organisms 
directly but indirectly through controls on diffusion 
rate of nutrients and 0,- At low water activity diffusion 
rate of solutes is reduced while 0. diffusion rate 
slows as water activity and potential increases in soil 
(Smith, 1977). ‘During soll floeaing, capillary pores may 
offer refuge (Christiansen, 1964) for the soil meiofauna. 
Trapped air bubbles may also provide a means of respiration 
during flooded conditions. However, a rising water table 


may displace these bubbles and may cause drowning. 
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C.*-SOLTL STRUCTURE 
Poe Creation of “anvEnvironment in’ the Soil Fabrié 

The environment of the soil microflora and meio- 
fauna is defined by the soil porosity and interstices which 
result from the seemingly haphazard arrangement of mineral 
particles mixed with organic debris in various stages of 
decomposition. 

Small size and short distances characterize the 
soil habitat. The diameter of most soil particles, of soil 
organisms and soil pores within aggregates are best expressed 
in um. Soil aggregate size is expressed in terms of mm or 
fractions of mmi -*Normally *708"°0£ the-weight of the so) is 
in aggregates smaller than 1 mm (Taylor and Ashcroft, 1972). 
Interstices and channels between aggregates are larger, but, 
as the size of aggregates declines, so does the size of the 
pores between them, although total pore space usually 
increases. 

At such small scales heterogeneity is extreme. 
Soil particles are not distributed uniformly. Clay is 
present in localized accumulations or domains which may 
be coated with organic matter to varying degrees (Russell, 
1969). Soil minerals, especially oxides of iron may 
accumulate in various foci, and organic debris sloughed 
from roots is unevenly distributed. 

Anaerobic microsites are likely to be present 
throughout aerobic soil layers. On the basis of diffusion 


calculations and data of Greenwood (1961), it would appear 
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that anaerobic sites would be expected at any spot more 
than 1 mm from an air-water interface. It is, however, at 
these microsites, having wm dimensions, that the deciding 
events within soil take place and microflora and meiofauna 
OE so_lemust function? 

Soil micromorphological techniques have been 
developed to examine and define the soil microstructure. 
With these techniques, one can observe first-hand, the 
humification processes as well as formation of organo- 
mineral complexing and subsequent formation of soil struc- 
ture (Kubiena, 1964). 

Soil structure has been described by Jongerius 
(1957) as the "physical constitution of a soil material 
expressed by the size, shape, and arrangement of the solid 
particles and voids, including both the primary particles 
combined to form compound particles and the compound parti- 
cles themselves; fabric is the element of structure which 
deals with arrangement." Micromorphological techniques 
describe particular arrangements of particles within a 
soil, accompanied by arbitrary definitions applied to 
define structural phenomena. Brewer (1964) reviews these 
eoncepts:. 

2. Relationship of the Soil Microflora and Meiofauna to 
Soil Structure 
Employing micromorphological techniques, Szabo 


et al., (1964) distinguished numerous types of colonizing 
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techniques by soil bacteria and fungi intricately related 
to microscopic soil structure. These microbial pioneers 
were present in numbers varying from solitary cells, found 
on the surface of soil particles, to colonies, variously 
described as linear, miniature, compact, plate, or 
cover-like. All of these aggregates were intricately 
associated with soil particles such as decaying plant 
debris or nutrient-rich inorganic particles. Microbial 
"formations' termed bridge, peg, meniscus, or network 
acted to bind soil particles together in a variety of ways 
forming soil aggregates. 

The’ influence of soil structure on size distri- 
bution of the meiofauna has been discussed by a number of 
authors (Weis-Fogh, 1948; Macfadyen, 1952; Bellinger, 1954; 
Bilton and. Miller ,-1954¢ (Murphys: 4955. % Poole, "1961) 2ain 
general, larger species are found near the soil surface, 
with smaller species adapted to life at depth. In conjunc- 
tion with the partitioning of size with depth, those species 
existing at lower depths have lost their requirement for 
heavy sclerotization, pigmentation and ocelli. These modifi- 
cations are highly reduced or absent in species found at 
lower depth in the soil profile. 

The soil meiofauna is dependent upon interstices 
related to soil structure, and channels created by earth- 
worms and decaying plant debris for penetration into the 
soil profile. It is likely that unless they can disrupt 
and move aggregates, a large portion of the volume and 


surface area of mineral soil horizons may be inaccessible 
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tozsoikl animals; 

The soil fauna is not only influenced by the soil 
structure, but plays an important role in its formation. 
The enchytraeids are of particular importance in this 
respect in forest soils. Decaying arthropod feces are 
consumed by these annelids to produce granular debris; 
enchytraeids may also pierce earthworm casts, and in 
instances where earthworms are rare, may function to mold 
soil particles together (Zachariae, 1964). 

It is difficult to differentiate using thin 
sections alone, the role of meiofaunal fecal pellets in 
formation of soil structure. The color, shape and measure- 
ments of this material varies greatly with the type of food 
consumed and type of animal (van der Drift, 1964). The 
fecal pellets of the Collembola Tullbergia and Isotoma are 
minute, and it is difficult to distinguish between this 
matter and that translocated by water. However, the habit 
of pthiracarid mites to follow decaying root channels, 
enables one to pinpoint their contribution to soil micro- 


structure. 


D. SOIL TEMPERATURE 
1. Effect of Soil’ Temperature on’§0il Biology 

Temperature affects the rate of all biological 
and biochemical processes. Such effects have been quanti- 
fied by using a Qj9 value, the effect a 10°C change in 


temperature has upon the activity of an enzyme or organism. 
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Enzymes are characterized by optimum temperature ranges, 
outside of which, reaction rates fall off rapidly. Soil 
respiration has been characterized with a OT onc! oy ce 
2.0 within a temperature range of 8 to 28°C (Drobnik, 1962). 
Thus it is imperative that temperatures must be measured 
when monitoring any biological function within the soil. 
Mishutin (1953) stated that above all, soil moisture and 
temperature affect biological functions to the greatest 
extent. 

Definitions created for organisms growing at 
low, moderate or high temperatures are often delineated 
by the discovery of organisms capable of growing under 
particular conditions’: “A»psychrophitlic organism is cur- 
rently defined as an individual having a maximal growth 
temperature of 20°C or less (Morita, 1975). Psychrophiles 
have been isolated from Antarctic waters which have a 
maximum growth temperature of 10°C or less (Christian and 
Wiebe, 1974; Morita, 1975). > Baross and Morita (1978) have 
reviewed the literature on organisms which grow at low 
temperatures, and their requirements. Although few obligate 
psychrophiles have been isolated from temperate soils, 
bacteria, fungi and yeasts present are capable of growing 
at temperatures of 09°C or less. Such bacteria have been 
isolated from many soils and have been estimated in the 
range of 4 x 10° cells to 2 x 108 cells per g of dry soil 


(Baross and Morita, 1978). 
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Tansey and Brock (1978) reviewed the literature 
on thermophiles; microorganisms capable of growing in the 
range of 50°C to 90°C. Most of these are nonphotosynthetic 
bacteria. Soil and rock may become heated to 60°C or 
higher. Thermophiles have been isolated from temperate 
and tropical soils (Alexander, 1961). 

Khaziev (1976) found there was a maximum develop- 
ment of microorganisms at 20°C and approximately 60% of the 
water holding capacity in a podzolized Chernozem under 
laboratory conditions. Actinomyces readily adapted to soil 
temperatures up to 40°C. 

Armillaria also demonstrated maximal growth rate 
at 20°C, and a limited growth rate at 59°C and 28°C (Rishbeth, 
1978). Variability in its growth pattern was noted under 
different temperature regimes. For example, this fungus 
demonstrated an initial rapid growth rate at temperatures 
near 28°C.. At 53°C, Armillaria developed at. a slower but 
steady rate. Such findings indicate the adaptability of 
such organisms to variability in soil temperature. Malhi 
(1978) reported a similar climatic adaptation of nitrifiers 
in Alberta soils. 

Soil temperature variability is not only seasonal, 
buteis la function of aspect, .plantcover; soll. color, soil 
water content, bulk density, and organic matter content. 

The soil meiofauna are poikilotherms, thus are 


regulated by fluxes in ambient temperature (Chapman, 1971). 
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Metabolism and respiratory rate are most obviously affected 
by such variability: the Q19 of the a-glucosidase of 
Schistocerca is 2.25 (Chapman, 1971) while the Q19 of 

Ca elimination of forest-floor microarthropods was 2 

over a temperature range of 5 to 25°C (Kowal and Crossley, 
EO7 1). 

Mitchell (1977) gave evidence for the prolongation 
of the life cycle of oribatid mites with low soil temperatures, 
measured in degree-weeks (ZI of mean weekly temperatures 
between successive life stages). By comparing these values 
with the total-number of degree-weeks in a year, Mitchell 
determined that the oribatid Ceratozetes gracilis would 
require from 2.1 to 2.4 years for development from egg to 
adult. The life cycle of C.’ gracilis was determined to be 
complete within 1 year in New York (Hartenstein, 1962) and 
41 days at 20°C (Haarlov, 1960). 

Evidence also exists for acclimation of respiratory 
activity in insects. For example, increased oxygen consump- 
tion in response to a temperature rise in Melasoma is relat- 
ed to the ambient temperature of the environment before 
experimentation (Chapman, 1971). Those organisms precondi- 
tioned at lower temperatures demonstrate maximum oxygen 
consumption at lower temperatures. 

2. The Temperature Regime of the Soil 
Thermal energy within a soil results froma 


variety of sources: radiant energy, heat received from the 
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atmosphere, heat from organic residues, and heat from the 
earth's interior (vados energy). The latter two sources 
contribute negligibly to the soil's temperature. 

Solar radiation is partitioned among a variety of 
components before reaching the earth's surface: it may be 
reflected by clouds; absorbed by molecules of carbon di- 
Oxide, ozone, or water vapor; or scattered and diffused 
by dispersed particles in the atmosphere (Baver et al., 1972). 
The energy which eventually reaches the soil is termed net 
radiation (Chang, 1968), and represents the difference 
between total downward and upward radiation flux. Approxi- 
mately 65 to 90% of the solar radiation reaches the ‘soil 
Surface; ‘at’ this; point, 16)1S converted to. thermal’ energy. 

Thermal energy serves to warm both the soil 
ttself as well as the (soi) arr yp therratio: of these two 
processes results in warming or cooling the soil. 

Soil temperature displays a two-fold periodicity: 
daily and seasonal, with greatest variability in temperature 
occurring at the soil surface. ehromnthis’ point, heat ‘spreads 
through the soil as a pulse according to the thermal con- 
ductivity of the soil. The expenditure of energy through 
heat transfer results in decreased temperature maxima at 
depth and smaller amplitude in the soil temperature wave 
or pulse. 

The thermal conductivity of soil obeys Fourier's 


law which describes linear heat flow, described by the 
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equation:'q = -ks | = , where q is the amount of heat 


flowing per unit of time cal seco s is the cross- 
sectional area, etme is the temperature gradient, k is 
the thermal conductivity (cal/cm sec degrees) and d is 
thickness (cm). Thus the heat flowing through a soil is 
directly proportional to its thermal conductivity, cross- 
sectional area and temperature gradient. The thermal con- 
ductivity of a-soil varies from 4 cal (cm sec 6 hi: for 
wet sand to 0.11 cal (cm sec oC) EOr Ary peat |\(Baver, 
Sealey Lo 2). 

The thermal diffusivity of°a soll is dependent 
upon its thermal conductivity and specific heat according 
to the relation K = x (Spiegel, 1965). Thermal diffusiv- 
ity is represented by the variable K, k is the thermal 
conductivity, c the specific heat and » is the density. The 
greater the value of K, the faster and deeper the heat will 
penetrate) the soil.” Thermal” diffusivity -is) highly depend- 
ent upon the moisture content of the soil, thus may vary 
daily. Hay et al., (1978) describes a relation which enables 
darly (calculation, of = thermal dittusivity, for’ a.sorl: 


lL. 
[Sesoox damping depth 


Zz Z, 
ar | C2 eee = 
AZ. = Azo e D where D 
K= thermal diffusivity between depths Z,, and Z9 (cm sec7l), 
The values of Az, and Azz describe amplitudes of temperature 
curves,,.detined. by Sine waves, jar adepths, zi and 229 (cm). 


The value K represents a mean value described for depths 


z, and z,. Baver, et al., (1972) cite values. for the thermal 
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diffusivity of soils within the range of 12.6 x 1073 


to 1.2 x 1073 cm sec + for wet sand or dry peat, respectively. 


3. Variability in Soil Temperature 
a. Variability With Soil Treatment 

Soil temperature varies with factors influencing 
the amount of energy reaching the soil surface, for example, 
vegetation. Vegetation affects albedo, penetration of 
radiant energy to the soil surface, latent heat of evapora- 
tion and insulation of the soil against heat loss (Baver, 
EO Tz Jee 

Hay (1978) quantified such effects when studying 
variability in:soil temperature with cultivation technique 
which modify vegetation, bulk density, pore space, and water 
content. Soils which were direct-drilled had a signifi- 
cantly higher thermal diffusivity than did a normally 
ploughed soil. Such an effect was attributed to an increased 
moisture content and bulk density of the direct-drilled 
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S011 M1.32* 9 cml “asrecompared tome '6."q cm7 3). 


Dei. ooi lL (Climates of Canada 
Canadian soils may be classified according to 
their pedoclimate using the criteria of soil temperature 
and water content. The criteria utilized in such a classi- 
fication system are presented in Table 4. 
Malhi and McGill (unpublished data) summarized 
average monthly soil temperatures for central Alberta over 


a 10 year period. These data are presented in Table 5. 
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Date 


January 
February 
March 
April 
May 


June 


Mean annual soil temperature determined for 


central” Albertarac a deptin of "0 ‘cm over’ a 
ten year period ranging from 1964 to 1975 


(Malhi and McGill). 
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29) 
Soil climates of the Edmonton region are cryoboreal-sub- 
humid to humid. In Canada, such soils occupy 150 x 10° ha 


(Gley ton vet Talis7.01977) © 


II. THE CHEMICAL ENVIRONMENT 
Ree Di 
Be, LPactorsaat fecting =p 

The reaction of a soil may vary within broad 
limits. A sphagnum peat may have a pH of 3 to 3.5 whereas 
the B horizon of a Solonetzic soil may have a pH of 10.7. 
The pH of a soil reflects the relative amounts of acidic 
and basic cations adsorbed to exchange sites within the 
soil, in equilibrium with those in solution. 

Soil pH varies significantly with the CO. content 
of the soil atmosphere. A change in CO5 content softsoil 
airofrom 0.03% to 5% may drop pH by over 1 unit, a 10<fold 
increase in hydronium ion concentration. Such a marked 
effect is usually reduced by the buffering capacity of the 
basic cations adsorbed on soil colloids. Rode (1962) 
illustrates the variation of pH with dissolved CO> in 
solution. Dissolved CO2, present as CO™ in solution 
may bring about a dramatic change in pH. However, 
the presence of catt in solution may produce an alkaline 
reaction, buffering the effect on pH, 

An increase in pH may result from inorganic soil 
components other than Catt; such a Fe’? or Mn** ions. 
Following submergence for 30 days, Redman and Patrick (1965) 


observed an increase in soil pH, which they attributed to 
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30% 
NH3 release and conversion of ferric and manganic hydrous 
oxides to their ferrous and manganous form with associated 
release of OH ions. Organic matter enhanced this increase 


in/ pH. 


2. Effects of Soil pH on the Microflora and Meiofauna 

The hydronium ion concentration affects the ionic 
state of solutes thus the availability of nutrients and 
inorganic ions. Variability in the pH of a medium affects 
ene “surface charge on the microbial cells, thus altering 
cell wall permeability and ability to react to metabolites 
(Longworthy, 1978). 

Bulkivsoil pH may mot be indicative of that at the 
Microsite. For example, the pH of a microsite may be 
increased by the removal of NOBie OF SO, DYsnd ss BOOT, .Or 
decomposition of a clump of organic debris. This is consis- 
tent with reported isolation of acid-intolerant species 
Loom acvdiciiscits. (Baugh 7917.4): 

Wherever a charged surface comes in contact with 
water, the pH of the surface (pH,) will be lower than the 
bulk pH (pH). Thus, the optimum pH of an enzyme in solu- 
tion will differ from that in the soil (McLaren, 1963). 
Similarly, bacteria and fungi which may ue in close contact 
with soil colloids likely experience a pH lower (possibly 
byl Metox2 tunits.) tthan.theisoil isolation. 

Much of the detrimental effect of low soil pH on 
soil organisms has been shown to result from toxic levels 


of Al, Fe or other ions (Mutalker and Pletchett, 1966), 
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or other deficiencies of essential elements such as P and 
Mo (Hutchinson and Hunter, 1970). Soil organic matter 
also has a strong ameliorative effect on soil pH (Hoyt, 
1977). Therefore, pH measurements can be meaningfully 
interpreted only if one knows the organic matter content 
of the soil and if the soil is mineral or organic. 
Christiansen (1964) states that pH has little 
effect on soil microarthropods. However, Joose (1970) 
states that «the: optimumrpdk “for Colllembola is tabout 65. 
Hutson (1978) found that fecundity and longevity of a number 
of soil Collembola were altered by pH, these effects were 
altered by the ambient temperature, as well as the organism 


involved. 


BSarSALTsS IN |THE SOPRPROE IEE 

Salts within the soil profile are primarily 
adsorbed to the negatively charged surfaces of clays, organo- 
mineral complexes, and organic matter. These negative 
charges result from cation substitution within clay minerals, 
broken edge bonds or hydrogen ion removal from carboxyl and 
hydroxyl groups in organic materials (Baver, et lal, (em). This 
store of adsorbed cations represents approximately 993% of 
the component cations within the soil, and acts as a buffer 
to pH change within the system (Thomson and Trosh, 1978). 
Complexed cations are in equilibrium with cations in solution 
(approximately 1% of the cations of soil). This equilibrium 
reaction is relatively slow when compared to diffusive 


processes occurring in soil. 
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Thus negatively charged micelles with their 
complement of cations form the basis for the soil acid-base- 
salt system. Adsorbed cations are primarily Canis Mgt, Kee 
and Na’; they originate from soil parent materials, ions 
circulated through plants and animals, or fertilizer 
additions. 

Exchange of adsorbed cations with the soil solu- 
tion is controlled by the concentration of salts within the 
soil solution. Salts may be displaced from their adsorption 
sites by competing cations according to the valency and 
atomic weight. Displacement occurs in the order of 


+) ++ 


Nogmckai=yNHaesMan <Ca aiacAbw & 
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i “Transport of Salts “Through the soil Prorite 

Salinization of the soil profile is intricately 
related to movement of water (Szabolcs and Lestak, 1967). 
Salts normally move by mass flow and diffusion. However, 
On occasion mass flow may oppose diffusion such that, 
salts may be transported against the direction of the salt 
concentration gradient (Mel'Nikova etal, 1968) Under 
conditions of identical water and Cl ion content, these 
ions are transported from a coarse to a fine-textured soil, 
particularly under conditions of rapid water flow. These 
ions are expected to slow down when entering a negatively 
charged medium. 

Capillary rise replaces water lost by evaporation 


atvcne soil™surface "(Hassan et *al., 1977; Szabolces and WGestak, 
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33. 
1967) and may cause salt accumulation at the soil surface 
(Hassan et al., 1977) resulting inta concentration gradient 
against the flow of water. 
The rate and degree of capillary flow is also 
related to the depth to the water table, contact angle, 


surface tension and liquid density by the equation 


2 ¥..COS 10 
pgr 


solid contact angle, p=density of liquid, g=gravitational 


h = where h=height of capillary rise, 6=liquid- 
constant, and y=surface tension. Chen and Snitzer (1978) 
found that dissolved organics, particularly humic and fulvic 
acids reduce surface tension. Fulvic acids produced the 
greatest reduction because of the higher charge density 

and lower molecular weight. 


The contact angle cosé can be determined by: 


Berd rere ees oem eo 
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where y cee of solid-liquid interface 


y = y of gas-solid interface 


y Of liquid-gas interface 


= 
I 


The angle of contact decreases with surface tension of a 
liquid above a certain critical value: that tension required 
to create a solid-liquid angle of 0 (Zisman, 1964). Below 
this angle, capillary rise is dependent upon the surface 
tension of a) liquid: Above this”critical value, the 
wettability of a soil is affected significantly by varia- 
tion in the contact angle and subsequent changes in surface 


tension. Decreasing the surface tension will improve soil 
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wettability by decreasing the contact angle. Thus dissolved 
solutes will aid in soil wettability, and may be transported 
through the soil by these processes. 

Solutes may move by convection downward due to 
gravity or upward due to capillary rise as described above. 
They may also move by diffusion which is controlled by the 
difference in concentration between two points. | The 
direction of diffusional movement may be the same as or 
Opposite to movement by convection. Diffusion follows Fich's 
law: 

ac 


oe ene ci 


where Jy = diffusional flux (moles solute cm > sec‘), 

D = diffusion coefficient (cm2 sécr"), dc = concentration 
change (moles cm~3 soil) over distance dx (cm)i' DiItiustonal 
movement of ions in soil is normally within the range 

caused by mass flow and is most important in soils when 

mass flow is slow (Gardner, 1965). Normally in soil, because 


of exchange reactions, diffusion is more important for cation 


than for anion movement (Nye and Tinker, 1977). 


2. Documentation of Soluble Salts Under Field Conditions 
Pringle et al., (1975) documents a wide variety 
of concentrations of various cations under field conditions. 


These data are presented in Table 6. 


3. Effect of Salts on the Soil Microfauna and Meiofauna 
All organisms require the presence of salt in 


their diet. The presence of salts in elevated concentrations 
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creates problems for individuals not adapted to such 
conditions: proteins, may be denatured, and disruption 

of the ionic balance of the cell along with destruction 
of cellular structure are common under saline conditions. 
Metabolic reactions may thus be disrupted as may trans- 
mission of potential within the nervous system and 
dehydration. For smaller organisms, more intricately 
involved with the soil solution, ‘(bacteria, fungi, proto- 
zoa) dissolved salts exert an indirect CrTEectr by uncreas— 
ing osmotic pressure resulting in desiccation and plasmo- 


lysis. 


Some individuals, however, May be adapted to 
Saline environments. Microorganisms exist under such 
conditions through maintenance of a high internal salt 
concentration (Kushner, 1978). For example, the cay ion 
may constitute 30% to 40% by weight of the halophilic 
bacterium Halobacterium halobium (Gochnauer and Kushner, 
1971). The gradient of intracellular to extracellular 
Kt concentration may be as high as 1000:1. This ion may 
actually become growth-limiting, and must be Supplied in 
concentrations of at least 1 mg nie, Halobacteria also 
require Mgtt and eae: Enzymes reacting under such condi- 
tions require the presence of high salt concentrations for 
activity, stability) or both: 

Salt concentrations, osmotic pressure and water 
activity are all interrelated. Osmotic pressure (7) is 


related to concentration (C) of molecules or Tons, in 


30%. 
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Si. 
solution (since it is a colligative property) by 7 = CRT 


i 


where R = gas constant (0.082054 1 atm moles deg. ) and 


T= temp (°K). Osmotic pressure’ can ‘also be related to 
the mole fraction of solvent (water) by 7 = ties 
V 


where R and T are as previously defined and V is the 


partial molal volume of water (0.1018 1 mole‘). The value 
n 
of X is calculated as X = ——— where n. = moles of 
eae No 2 


solvent (water) and Da ae moles of solute molecules or ions 
Pielt is sonic. (Castel lan,» 1964). Similarly, water activity 
n 
; i 2 
USsarelated £o dissolved solutes by A. v= Oe a eee where 
W p i! aeale 
O dt L 
Pp = vapor pressure of water containing solute and Py = vapor 


pressure of pure water. Therefore water activity can be 


related directly to osmotic pressure by 


-RT In A, 


V 


From this relation, it can be seen that even a 0.56 molar 
solution will reduce A to 0.99, a value below which micro- 
bial activity and some meiofaunal activities start to be 
affected. Since most accumulations of salts in our soils 
occur as Na,SO,, which yields 3 moles of ions per mole of 
salt, as little as 0.2 moles of Na,SO, per liter should 
start to cause some effect in terms of reduced water 
aACtiVvity. 

Upchurch and Elkan (1977) found that the symbiont 


Glycine javanica was progressively inhibited by increasing 
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concentrations of salts. Both the rate of nitrogen fixa- 
tion and the viability of this organism were affected by 
high salt concentrations (45 mM). Rhizobium Spats also 
affected by NaCl. However, equivalent concentrations of 
KCl (45 mM) were found to be even more inhi bwveory.. 

Several authors have investigated the effects 
of low levels of salt on nitrogen mineralization. However, 
it is unclear whether these effects are chemical or biologi- 
cal. Nitrification in non-alkaline soils appears to be 
stimulated by sub-toxic levels of NaCl, Na2S04, and large 
amounts of CaCO3. The toxic levels of these compounds as 
determined by a number of authors are illustrated in 
table ./s The nitrification capacrey of alkali soils was 
apparently stimulated by NaHCO3, Na5CO3, and CaCO3, while 
CaSO, had no effect (Brown and Hitchock, 1917). 

The addition of two salts to a soil had an antag- 
onistic effect: when toxic levels of NaCl were added in 
combination with sodium sulfate, the sulfate ion completely 
masked the effect of the chloride ion to a concentration 
of 0.25% (Gibbs et al.,)1925). | A Gimilar effect’ was noted 
with Na2CO3 (0.05%) and Naz2SO, from a concentration of 0.2% 
to 0.5% NazS03. When three salts were added simultaneously, 
the effect was generally stimulating. Note the use of per- 
centage as a measure of concentration makes comparison 
difficult, it is impossible to determine the moisture regime 


of the soil and the effect upon osmotic pressure. 
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TABLE W/o | Comparison Of ‘toxre levels of salts 
as determined by a number of authors 


(Johnson and Guenze, 1968). 


Investigator 


fa pmMan (6b cal. oj)(.1,91 2) 


Greaves (1916) 


Brown and Hitchock 
(1917) 


Greaves and Lund (1921) 


Compound 


Na5CO3 
NaCl 
Na S04 
NaCl 
Na jSO, 
NaCl 
Na 5S04 
MgSO, 
CacO 3 


Nacl 
Na 2S04 


Toxic concentration 
SeSaL cya nessOis, 
dry weight basis 
Oe O25 
0.103% 
Oi 358 
OTLS33 
0.000593 
0.012 
4.14% 
0.30% 
dd.5 56.00: 


O70Ze% 
0.000163 
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Singh et al (2969) foundsthat there was no 


stimulative effect due to low levels of salts on nitrogen 
mineralization as reflected by CO, evolution. JEhis imay 

be an osmotic effect, illustrated by an almost linear 
reduction in nitrification with increasing osmotic pressure 
(Johnson and Guenze, 1963). Nitrate accumulates in the 
presence of salts due to the differential effect of increased 
osmotic pressure on the successive stages of nitrification. 
Salts such as NaCl and Na,SO, Will also inhibit respiratory 
activities. Regression analyses reveals that 56% to 962 

of this variability is due to an increased osmotic pressure. 
At -30 bars tension nitrification is reduced to less than 
10% of its maximum value, while carbon dioxide evolution 
may be as high as 60% of its maximum value. The latter 
activity is probably that of salt-tolerant organisms. 

Singh et al., observed the build up of ammonium 
nitrogen under conditions of elevated salt concentrations. 
For example, the presence of an increased concentration of 
calcium in the soil solution induced the release of ammonium 
from exchange sites on soil colloids. The rate of exchange 
was highest with the Be ion, which surpassed the ability of 


‘ “- ; 
Ganic, Mg**, and Na’ to exchange with NH, . He also explained 


NH{-N build up by the ability of cations to reduce the 
electric double layer, thus enhancing the exchange reaction. 
The amounts of NH, "-N in solution were increased by Al, Fe, 


Ca, Mg, K and Na, in decreasing order of magnitude. The 


amounts of NH, *-N present in solution varied with the organic 
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matter content of the soil, apparently due to increased 
surface area. 

Soluble salts affect the soil meiofauna, for 
example, Gisin (1951) illustrated the succession of a 
Collembolan population on a calcareous soil converted to 
an alpine humus soil through calcium leaching. Onychiurus 
zschohkei, and O. burneisteri were succeeded by Tullbergia 
acfiniss T: quadrispina, and Folsomia fimentaria, which, 
in turn were replaced by Willemia anophthalma, Onychiurus 
obsoloni, and Arrhopalites principalis, which are acid- 
tolerant species. Such an effect may be due to an altered 
microbial fauna in response to change in the soil pH through 
the soil profile. 

Hutson (1978) found that the fecundity and 
longevity of laboratory reared Collembola were not affected 
by salinity up to 8 mmhos om™?, 

Oribatid mites have also been found under saline 
conditions in” a littoral community (Kuhnelt, 1976). Those 
arthropods found under saline conditions are primarily 
drought-resistant which are able to adapt to conditions 


with a high osmotic stress and low ia 


C. SOLUBLE NUTRIENTS WITHIN THE SOIL PROFILE 
i Origin of Soluble Nutrients 
Soluble nutrients within the soil milieu ultimately 
originate from photosynthetic processes, and subsequently, 
litter deposited at the soil surface by litter fall and 


within the soil profile by root systems of plants. This 
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debris, and its decomposition products are considered to 

be a major portion of the soil litter; the relative 
proportion of each component is dependent upon the vegeta- 
tive cover. Soil animals contribute to soil organic matter 
through maceration of debris and deposition of fecal matter 


and exuviae. Humic materials may originate from microbial 


sources as well. Epicoccum nigrum and Stachybotrys sp. 
produce resorcinol-type polymers. Aspergillus sydowi is 


capable of producing large amounts of p-hydroxycinnamic 
acid-derived phenols (Haider and Martin, 1970). 

Litter may be subdivided into two Simultaneously 
eccurring,-but independent components: cytoplasmic and 
structural (McGill et al, 1980). The ‘tendency for a.com- 
pound to be easily decomposed is determined, in part, 
by\j\dts dnitial nitrogen,content. A. deficiency in nitrogen, 
manifested in a high C:N ratio of the compound, will lead 
to immobilization of this element within microbial tissue. 
Those components of soil litter most resistant to microbial 
degradation are highly carbonaceous materials such as 
lignin and cell walls. These comprise a portion of the 
structural component of litter, and require a longer time 
for decomposition. Their resistance to decomposition is 
due to their inaccessibility to enzyme attack and to chemical 
recalcitrance and not solely to deficiency of N. Cytoplasmic 
materials such as DNA, RNA, smaller molecules, and enzymes 
are readily utilized by the soil microflora. Exceptions to 
this rule are the carbonaceous molecules of glycogen and 


fat storage products, which are also used if sufficient 
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nitrogen is available. 

The organic matter of soil may be chemically 
divided into an acid-insoluble portion (humic acid) 
(Felbeck, 1971), an acid-soluble portion (fulvic acids) and 
humin, which is supposedly inert (Schnitzer and Khan, 1972). 
These vary in their composition. Humic acids contain 
approximately 10% of their weight as acid-hydrolyzable 
amino acids, about 2% of weight is a-amino nitrogen (Felbeck, 
1971). The major portion of the humic acid molecule is made 
up of polycyclic aromatics. It is difficult to determine 
the exact proportion of single ring aromatics, since they 
may be produced as byproducts of extraction procedures. 
Humic and fulvic acids differ primarily in molecular size 
and) the, proportionjofi acidic’ functional groups)! Soil 
fulvic acids have a higher total acidity in comparison to 
humic acids and humins. Such variation is reflected in 
the comparative ability of humic and fulvic acids to complex 
with cations within the soil solution (Schnitzer and Khan, 
LOW27¢ 

Organic nutrients: within’the soil are often 
unavailable to soil organisms by virtue of complexing 
mechanisms, immobilization and adsorption-desorption 
processes. Organic matter may be protected from microbial 
attack through formation of organo-mineral complexes. For 
example, proteins are more resistant to attack when adsorbed 


to clay minerals, as are inositol phosphates. Adsorption 
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of nucleic acids and inositol phosphates provide an 
important store of phosphate within the soil (Greaves and 
Wilson, 1969). 

Nucleic acids are rapidly adsorbed to exchange 
sites of montmorillonite; 98% were adsorbed within a l-hour 
period (Greaves and Wilson, 1969). Such adsorption was 
found to be pH-dependent with maximum adsorption occurring 
below pH 5. Nucleic acids appeared to be adsorbed onto 
interlayer regions of the clay: interlayer expansion as 
measured by x-ray diffraction corresponded to the diameter 
of the DNA molecule. Adsorption was related to both adsor- 
bate and electrolyte concentration, in particular, Na and 
Ko. Because the adsorption process occurred in a stepwise 
fashion, it was suggested that a double layer of nucleic 
acid may have developed. The stabilization of DNA molecules 
and other large molecules within the soil may occur by 
Similar processes. 

The cation exchange capacity of a soil is also 
related to its organic matter content, as evidenced by 
the fact that the CEC of a soil may be considerably reduced 
by oxidation with hydrogen peroxide to remove organic 
matter (Dudas and Pawluk, 1971). Physical evidence was 
given by these authors for adsorption of organic materials 
to clay surfaces using the scanning electron microscope. 

No interlayer adsorption of humic materials was observed. 

Thus organic solutes available for structural and 


energy requirements of the soil microflora are regulated by 
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the cationic concentrations of the soil solutions, organic 
matter content of the soil, the pH of the soil solution, 
and the clay minerals present. 

Humic materials may complex with glucosamines 
and amino acids, guarding them against attack by microbial 
enzymes (Bondietti et al., 1972). Glucosamines are common 
in nature: N-acetyl glucosamine (as a polymer-chitin) is 
the most common sugar found in fungi, as well as the exo- 
skeleton of Arthropods. Polygalactosamine may be produced 
extracellularly by Aspergillus parasiticus. One-third 
of the hyphal wall of the common soil fungi Mucor rouxii 
is made up of chitosans (Bondietti etiadiar 197296 

Compounds such as catechol, 3, 4-dihydroxytoluene, 
and 3, 4-dihydroxybenzoic acid (caffeic acid) are implicated 
in the reaction of humic acids and glucosamines. Thus, 
these compounds will reach the soil solution at a rate 


regulated by the decomposition of humic materials. 


2. Requirements of Microorganisms for Substrate 
Microbial growth is a function of substrate con- 
centration and growth yield (Monod, 1949) as described by 


the equation: 


C =ke where, k=proportionally constant 
Ca= total growth 


c=amount of substrate consumed 
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Bacterial growth follows an exponential pattern, 


related to the substrate concentration by the equation: 


RyC 


Dalai Ode Te 


where Rx maximum exponential growth rate 
R = achieved exponential growth rate 
C = substrate concentration 
Cis half saturation value (substrate 
concentration where growth is half 
maximum) 
Modifications of this basic equation have been made to 
account for endogenous respiration (Herbert, 1961). This 


equation is particularly useful at low substrate concen- 


tratrons such asin soil. 


=~ = (R-k).x where k is the rate of endogenous 
respiration, and.x is, biomass. The value of k becomes 
especially important under conditions of low nutrient 


content. 


Uptake of energy-providing solutes from the soil 


solution appear to have a Cj value between 1074 and 1075 m 


MeGiiivet ale, 1980)" 


The available energy supply often limits growth 


within the soil (Gray and Williams, 1971). Babiuk and 


Paul (1970) postulated that much of the energy supply 


available to soil microorganisms is required for mainten- 


ance of microbial biomass (endogenous respiration), as 
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exemplified by the relation: 


dx rs ds 
Brio a ee 


where a = specific maintenance rate (h71) 
si =eCOncentration of cells 


Y = yield coefficient, in terms of substrate 


used. 
S = substrate coefficient 
When there is no growth, a =JOou Cfo the values 0. 00l1h = 


and 0.035 are substituted for 'a' and iV it iS sectiumated 
that _ a half of the energy available to micro- 
Organisms is used for maintenance. This has been challenged 
by Barber and Lynch (1977) who argue that the value of ‘a! 
Souudmbe uid he | tn whichucacemete energy available to 
soil is inadequate even for maintenance of the total soil 
bacterial biomass. Since soil contains more than bacteria, 


the system is indeed highly competitive and nutrient-limited. 


3. Water-Soluble Organic Matter 

Organic nutrients dissolved within the soil 
solution provide the microbial flora with C and N for 
energy and structural components. Studies on these sub- 
strates usually involve alteration of the soil by steriliza- 
tion procedures. 

Amino acids within the soil solution may be used 
for both energy and production of microbial biomass 
(Halvorson, 1972). These compounds may be replenished 


within the soil solution by excretion or autolytic processes. 
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Nine extractable amino acids were found by Wainright and 
Pugh (1975): aspartic acid, glutamic acid, leucine, and 
tryptophan (in plentiful supply) while serine, phenyl- 
alanine, tyrosine and glycine were found less frequently. 
Putman and Schmidt (1960) state that amino acids rarely 
exceéd asconcentration of 2.0 ug ie soil. 

Burford and Bremner (1975) correlated the 
denitrification capacity of a soil with its total water- 
soluble and mineralizable carbon content. Two conditions 
are required for denitrification: anaerobiosis and the 
presence of mineralizable carbon. Mineralizable carbon 
was defined as the amount of CO5-Ceevolved. fromibeagesoid 
with 15 ml of water incubated at 20°C for 7 days. The 
denitrification capacities of the studied soils were found 
to be significantly correlated with total organic carbon 
(r=0.77) and water-soluble carbon (r=0.99). Mineralizable 
carbon was significantly correlated with water-soluble 
carbon. The latter was present at concentrations ranging 
between 9 and 259 ug C ame soiky Thusstransport.etheoughsthe 
soil solution provides important flow of energy-rich 
materials and micronutrients to respiring and metabolizing 


microorganisms. 


Fins sent “ wc 


as 


y Laiboipely ‘aeeul Banet ona | 


baa Mei “PHOS 60, atti 


«3 

5 Betas 
bres 
‘el ele 


Pot RaS 


gr 
PH Lz 
ng ion 
ioe 
- 


HpeO 


Soe | 


ern 
A 


=) 9 ex 
3 
; 

st 


A clad prey AS hee bara if “ 


2 


one som) ‘ai pottiaees ee tae 


“hpatog 54 Aa SM tive be we oT: 


 Biaow ive bote 6 ena 26 > son 
eee Ee, 4 Ane Men adele vipa 


Oo) ey , (Py Bam) 


ath LF FSH we 


Ae ho Last ae ot ase sian 7B 2%. : 
ip Typ on i ea Prestoqiat sob al | 


qtauas a4 ioe + teal 


mat 


efi: cE odie tacts enle' 4 
£5 ae eit 08 te a 
saveheaaDs sate asm bee 


7© 


& mB 


oo GC? 


ae f 


——- 


tei 


ean 


: é 
+ Ss 7 = 
G) \, \ : 
f na 
2 he 
Bei 
b 
2 
a 
o 7 
y eal ; 
“ on 
Qn 
- a j ¥ nS 
ae y 
ae sd A 
4 i is » \y 
=? ria 
a he! < 
b age 
I sa my | 
4 
i a nip. 
2 . 5 
<>) 
§ 
‘ 7 s 
Phe a 


gett a i a 
ane 
ore ans - in lea tie 7 Da a: = . 


49. 


III. THE BIOLOGICAL ENVIRONMENT 

A. A FUNCTIONAL CLASSIFICATION OF THE SOIL FAUNA 

General categories have been established which 
classify the soil fauna in terms of their vertical distrib- 
ution, feeding patterns, or water requirements. Kevan 
(1965) reviewed such a system; the general categories as 
well as the criteria used to distinguish these groups 
are summarized in Table 8. 
Thus it becomes evident that an organism may 

be classified within a number of categories. For example, 
a fungivorous Collembolan, inhabiting the soil litter can 
be termed a low primary, aerophilous member of the meio- 
fauna, thus indicating its requirement for substrate, an 
oxygen-laden atmosphere, as well as its size. These cate- 
gories are not exclusive, in that the soil ecologist 
must recognize vertical and horizontal migration patterns 
as well as variability in substrate selection. Organisms 
may vary in their requirements for food during different 
stages. of theie life cycle. ‘For example, dipterous Larvae 
may be present as members of the soil fauna actively 
degrading soil organic matter, while the adults of this 


order lead a supraterrestrial existence. 


B. PROPORTIONAL DISTRIBUTION 
Macfadyen (1957) illustrated the diversity of 
animals as well as their proportion in a grassland soil 


(Table 9). 
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TABLE 9, DiVersity Ofmthawsorle fauna in a 


grassland soil 


Organism 


EFarthworms 
Enchytraeidae 
Mollusca 
Diplopoda, Chilopoda 
Isopoda 
Araneida 
Coleoptera 
Diptera larvae 
Hymenoptera 
Collembola 
Acarina 


Nematoda 


(Macfadyen, 1957) 


Number m72 


50-2000 
200-20) 0.00 
00-8500 
300-1, 700 
100-400 
180-840 

200-1 7.000 
Approx. 1,000 
200-500 
10,000-40,000 
2070 00=120,,,000 
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a2. 
The population of soil Collembola has been 


2 2 


recorded in numbers varying from 5,000 m “ to 200,000 m- 
(Wallwork, 1970; Hardingvand *Sttttard, 1974) 2°" For example, 
a Collembolan population under aspen forest litter was 


2 LOWS 000 Mes 


found to vary between 12,000 m- (Wagner 
Seals, LO 7.) 
Persson and Lohn (1977) cited peak populations 


; to 300,000 m? in a variety 


of Collembola of 200,000 m- 
of climatic regions: Naglitsch, Germany; maritime ANGALCENCa, 
New Zealand; Japan; Spitzbergen. Algal subformations in 
Antarctica have supported Collembolan populations of 
959,000 m-, 
Mites are present in the soil im densities) of 
60,000 m * to 200,000 m* (Wallwork, 1970; Ghilarov, 1971; 
Harding and Stuttard, 1974). Mites have often been found 
to be present in greater densities within the soil (Kevan, 
1962), however, there are exceptions to this observation. 
Thus both groups represent comparable portions of the soil 
biological community. 
C. SPATIAL DISTRIBUTION OF SOIL ORGANISMS 
Distribution patterns are an integrated reaction 
to ecological conditions, and as such are considered of 
importance when describing the ecological functioning of 
the soil system. Four factors are generally considered 
influential in determining the distribution of the mobile 


soil fauna: water, food, dimension of the interstices; and 


in the detritus layer, light (Haarlov, 1960). 
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Hutchinson (1953) proposed that natural aggre- 
gations may be of five types: vectorial, reproductive, 
social, coactive, or stochastic. External pressures such 
as ambient temperature, humidity, density gradient, or air 
currents may produce a vectorial pattern. Reproductive 
patterning may result from an offspring remaining in the 
vicinity of a parent, while social Patterning is a’ function 
of signals which lead to clumping. Interspecific activity 
leads to coactive clumping, while random forces acting “on 
a population lead to stochastic patterns. Clumping in 
soil arthropod communities is usually of the first four 


types. 


iawe vertical Distribution 

thevupper 10-15 cm of @soil are the most biolog- 
ically active (Murphy, 1952; Bellinger, 1954; van der Drive, 
#962; Dhillon and Gibson, 1962+ Poole, 19613) (BLOCK O66 
Pouce, 1975;;)\Marshall, 1974+ Mitchel, 11978). (The distri- 
bution pattern of soil microarthropods varies with the 
Species. For example, some species may be restricted to 
Specific strata within the soil profile (Haarlov, 1960; 
Kevan, 1962; Mitchell, 1978 oe tt asigqeneralily accepted 
that the soil fauna in the upper soil strata are generally 
more robust, pigmented, and possess more setae. 

Mitchell (1978) observed a vertical partitioning 
of oribatid immatures and adults in an aspen woodland soil. 
The nymphs and larvae were concentrated in the F layer of 


this soil, as compared to the adults in the litter layer. 
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It was postulated that this was a response to the abun- 
dance of fungi in the F horizon. 

Anderson (1978) suggests that the feeding 
patterns of the soil meiofauna are generally nonspecific, 
there is no significant variation in the gut contents of 
the majority of soil arthropods. If this is true, then 
competing organisms must be highly specialized in terms 
of habitat selection. He found that this was true for 
the L and H horizons of a number of organic layers (re), 
and H horizons of mull and mor soils). The diversity of 
the Cryptostigmatid population was significantly correlated 
with the diversity of the soil habitat as determined by 
studying thin sections made from gelatin-embedded soil 
cores. The F horizon provided too complex a habitat to 
explain population diversity on this basis. The high 
diversity of microarthropods in agricultural soils may be 
explained by high plant productivity (Allen eG jal ym o 5). 

Seasonal vertical migration of soil microarthropods 
appear to be modified by the climatic zone of the experimental 
Site. Such migration is especially noted in temperate 
regions (Glasgow, 1939; van der Drift, 1951; Milne, 1962; 
Hale, 1966; Usher, 1970; Marshall, 1974). Data supporting 
this patterning in oribatid mites has been presented by 
several authors’ (Rina, 1951; van der Drift, L952. Wallwork, 
1959; Tarras-Wahlberg, 1961; Usher, 1975; Mitchell, 1978) 
while others have been unable to observe this phenomenon 


(Lebrun, 1971; Haarlov, 1960; Anderson, 1971). 
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Luxton (1972) gives evidence that the vertical 
patterning of oribatid mites may be related to that of the 
fungal species throughout the soil profile. Although 
most oribatid species are panphytophagous (Mitchell, 1978) 
all extracted species, with the exception of Ceratozetes 
gracilis demonstrated definite partitioning in correspond- 


ence to one or more species of fungi. 


ZenehOra zontal Distribution 

The distribution patterns of soil microarthropods 
are generally considered contagious. Such distributions 
have been reported for both Collembola (Poole, 196la; Milne, 
EI62 * sBLOck, 1966; Usher, 1975) and mites (Mitchell, 1978). 
Exceptions to this rule have been reported for Collembola 
by Lasha (1956) and Poole (1961b). 

Horizontal distribution patterns of highly mobile 
Species appear to be more diffuse than are vertical patterns 
(Haarlov, 1960). Most microarthropods have limited mobility, 
thus tend to aggregate. 

Humidity appears to be an important factor in 
Bene on of both Collembola (Joose and Vanderhoeff, 1974; 
Usher, 1975) and mites (Mitchell, 1978) to form aggregations. 
Mitchell (1978) added that these effects are dependent upon 
the species of mite, temperature and experimental conditions. 
The life stage of the animal must also be considered (Joose 


and Vanderhoeff, 1974). 
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Food source is an important factor in horizontal 
patterning (Table 10). Joose (1970) found that Collembolan 
juveniles responded dramatically to food source. Mitchell 
(1978) determined that the correspondence of the species 
of oribatid mite to depth of organic matter varied. Kubikov4 
eteal (19:76), c0und that) there wasia striking similarity in 
development of Apterygota and soil £ungis iboth) had tsamilar 
environmental requirements as well as a strong trophic 
relationship. However, MacMillan (1975) buried a number 
of microtubes in the soil, and found there was no Significant 
variation in the fungal loads in these tubes and the guts 
Of Collembola found. He concluded that the Collembola may 
not choose their food. 

Usher (1975) suggested that the degree of aggre- 
gation of Collembola will increase with its population 
density. However, interspecific interactions must also be 
considered. Evidence for interspecific interaction was 
given for oribatid mites by Mitchell (1978). 

3. {Seasonal Distribution 

Fall and winter peaks have been reported for the 
soil meiofauna (Haarlov, 1960; Block, 1966: Mitchell, 1978). 
This may be a manifestation of downward migration in 
response to cooler temperatures and dessicating conditions 
as evidenced by variability in the vertical distribution of 
adults and juveniles (van der Drift, 1951; Karpinen, 1955; 


Wallwork, 1959). 
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59 
IV. THE ROLE OF THE MICROFLORA AND MEIOFAUNA IN THE 


ENERGETICS OF SOIL ORGANIC MATTER DECOMPOSITION 


Soil microflora are believed to be responsible 
for 75% of the release and dissipation of total plant- 
assimilated energy (Macfadyen, 1963). ELODiLCad, Faun 
forests contribute most litter per unit area, followed 
by grassland regions, and then by the forested regions 
of the world (Table 11). The caloric input of litter 
in similar climatic regions is comparable, no matter what 
region of the world. 

Lousier and Parkinson (1975) reported two 
nutrient flushes per annum in an aspen woodland in the 
Kananaskis region of Alberta, Canada. These were coinci- 
dental with the highest moisture levels, as well as a 
flux in the population of animals characterized by short 
generations (Dash and Cragg, 1972). Thus a greater degree 
of nutrient mineralization from the organic matter pool 


might be expected under optimal conditions of soil moisture. 


A. Contributions of the Microflora and Meiofauna to 


SO1L1s Bioactivity 
The biomass of the microflora normally exceeds 
that of the soil ge eeanee Clark tand Paul (1970) stated 
that estimates of the bacterial biomass vary from 33 to 
£7, 000g ne. ands Ghat, of fungi, Govbe about twice that 
of bacteria in grasslands. Persson and Lohm (1977) 
estimated that the Collembolan biomass of a grassland soil 


ranged from 200 to 500 mg fresh weight mas corresponding 
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to a dry weight of 70 to 170 mg me Mite biomass has 
been reported in the ranges.of 50) to41 7,500 mg m7 2 (Harding 
and=Stuttard,..19°74).< However, it is difficult to compare 
these values to those of the microflora, because depth 
was not mentioned in the Arthropod measurements. It 
appears that the microbial biomass is at least an order 
of magnitude greater than that of the meiofauna. 

A knowledge of the contribution of a group of 
organisms to the total soil biomass does not necessarily 
represent the contribution these organisms make to the 
energetics of the soil ecosystem. The relationship sor 
biomass:microbial activity can be determined by the respira- 
tion rate or energy requirements of the organism (Clark 
ands Paul,...19 70). 

The rate of consumption is determined by a number 
of parameters which transcend taxonomic categories: 
metabolic rates, energy utilization, and nutrient element 
economics (Reichle, 1971). All these factors are influenced 
by variation in the trophic level, in particular, Gintake ; 
assimilation, respiration, growth, and production. Within 
trophic levels, these efficiences are similar, no matter 
what taxonomic group (Reichle, 1971). ‘The number of 
calories consumed per individual per day is Significantly 
correlated across a number of trophic levels: Acarina, 
Annelida, Araneae, Collembola, Diplopoda, Isopoda, and 


Orthoptera. This consumption rate basically conforms 
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to the relation: 


cal day + 


Y = ax? where Y 
x = cal individual171 
a = 0.071 
be =r 00725 

Bacteria require 5 kcal go biomass day71 Offa 
cell N for cellular mantenance; 60 g Of bacteria would 
then require 300 kcal day~1 for maintenance energy. An 
additional 140 g of fungal biomass would increase the 
requirements of the population to 1,000 kcal day~1 (Clark 
padeeadl +1970). These energy requirements are comparable 
to annual litter fall of a number of climatic ZONES. Blnus, 
the energy input through deposition of litter falls SHOGt 
of that required by the microbial population alone. They 
must be limited in both requirements for growth and 
reproduction. 

In terms of energy flow through the soil ecosys- 
tem, the meiofauna plays a minor role. For example, 
Mitchell and Parkinson (1976) found that oribatid mites 
processed approximately 6 g m7? of fungi in an aspen wood- 
fand. Sori; torsabout, 24 7oL the fungal standing ‘crop. (’ they 
Suggested that the estimations of oribatid fungal consump- 
tion by McBrayer and Reichle (1971) and of fecal deposition 
by Hermannia gibba (2.3 g m2 yr) by Baumler (1970) were too 
high. Mitchell's estimation of the oribatid contribution to 
energy flow in soil is similar to the value postulated by 


Krivolutskii et al, (1976). Butcher et al, (1971) estimated the 
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energy flow through a Collembolan population to be in-the 
order of 5.65 kcal m72 yr. Zachariae (1964) mentioned that 
mineralization by Collembola in soil accounted for only 53% 
to 6% of the total. Kowal and Crossley (1971) reported an 
ingestion of 9.1 mg mor m2 day71, Or Che litter, vthe 
Pitter fall, of Pinus echinata is approximately 1,000 mg 
litter m72 day~1. The bulk of the saprovores diet origi- 
nated from the L horizon of the soil (23). 39 Snandu2 Ls 
of the diet came from the F and H horizons, respectively. 

Carbohydrases appear to be present in the guts 
of soil mites. Luxton (1972) reported a-glucosidases 
were present in the guts of panphytophages and micro- 
phytophages. Macrophytophages possessed both a B-gluco- 
Sidase and a cellobiase. Cellobiases were usually 
accompanied by a xylanase and chitinase, thus demonstrating 
an ability to decompose plant structural components. 
Kilbertus and Vannier (1979) demonstrated the cleatllnlg VA vein 
Collembola to degrade fungal hyphae using SEM studies of 
the fecal pellets. However, the utilization of such 
debris is not constant, and varies with ecological 
conditions, life stages (moulting will inhibit feeding 
activity) (With and Joose, 1971), as-well as position in 
the soil profile (Kilbertus and Vannier, 1979). 

Soil microarthropods contribute indirectly but 
Significantly to the mineralization process by comminution 
and by altering both distribution and competitive ability 


of microbes. Nef (1957) estimated that comminution of 
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Organic debris increased its surface area by, 10,000) ‘times. 
Since most decomposition processes must occur at surfaces, 
Such an increase is of considerable ecological significance. 
Delamere-Debouteville (1950) noted the development of 

a 'sol mort' in the absence of Saprophagous organisms. 
Through comminution of litter, Organisms aid in the 
leaching process of organic nutrients, and as such, aid 

in their transport through the soil profile. They are not 
Significantly involved in mechanical mixing of the organic 
debris) (Ghilarov, 1971). Minderman (1968) described the 
decomposition of soil organic materials using an asymptotic 
curve declining to a limiting value: the rate of decom- 
position (as determined by the Slope of the line) being 
determined in part by comminution by “soil arthropods. 
Witkamp (1960) reported that the movement of Collembola 

and mites could be followed through a sterile soil column 
by a trail of germinating spores, thus demonstrating their 
role in substrate colonization by microbes. Wiggins and 
Curl (1979) found that fungal spores carried on the setae 
of Collembola germinated upon both agar and within sterile 
Soil columns. Kilbertus and Vannier (1979) also found 
viable fungal hyphae in the fecal pellets of Collembola. 
Parkinson and Visser (1978) found that the feeding preference 
of a Collembola reduced the competitive ability of a sterile 
dark fungus grown in culture with a Basidiomycete. Thus 


the meiofauna may affect both the distribution and 
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competitive ability of the soil microorganisms. Therefore, 
mineralization of organic debris by the microflora may be 


strongly controlled by the presence of such organisms. 


We SOIL PERTURBATION BY OIL SPILLS 
A. CHANGES TO THE SOIL ENVIRONMENT 
1. The Physical Environment 

Addition of oil to a soil affects soil temperature, 
moisture, porosity and aeration. The physical effects of 
a massive oil spill may be just as devastating as the 
chemical alteration of the soil. Oil imparts hydrophobic 
characteristics on a soil (MacKay et al., 1974; McGill, 
1976) which can reduce both infiltration of water into the 
soil and capillary rise of water to the surface. Surface 
layers of soil may become more permeable to water due to 
their hydrophobic qualities (Hillel and Berliner, 1974; 
Toogood, 1977). These horizons dry and become subject to 
erosive forces. 

Hydrophobic soil layers also result from microbial 
coatings on soil aggregates (Hillel, 1974). Lipid formation 
is promoted under conditions of high C:N ratio (Raymond mt al. , 
1961) such as occurs during hydrocarbon decomposition in 
soil in the absence of sufficient N (McGill, et al, 1980). 

The soil surface may develop a crust following 
burning or volatilization of lighter hydrocarbons. These 
hydrophobic layers may be transmitted to lower layers during 


burning (Debano et al., 1976). Soil aggregates may become 
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enveloped with these hydrophobic substances. Such a 
condition, in conjunction with water-logging, and the high 
oxygen demand of decomposer organisms promotes anaerobiosis 
(McGill: =1976). Water=logging. is especially prevalent in 
organic soils, where surface crusts further prevent 
evaporation of water (Nyborg and McGill, 97.4 yi 

Oil may increase soil temperature by 1° to 10° c 
(Hutchinson et al., 1974; MacKay Stale, 11974 ‘Toogood),, 1977) 
due in part to removal of vegetation, which reduces surface 
reflection of incoming solar energy. Complete sterilization 
of the soil does not appear to occur at soil temperatures 


associated with burning (McGill et al., 1980). 


2. The Chemical Environment 

INECRAAAUCLON TOL Ol (kowacont | provides capable 
decomposer organisms with an energy supply (Jobson et al., 
1972; Cook and Westlake, 1976). Oils have a varied 
chemical composition: over 200 compounds were recognized 
by Dean and Whitehead (1963), less than half of the 
constituents of crude oil. Gas is PLesent ino: hvagedt 
emerges from the ground, up to 300 volumes of gas per 
volume of oil (McGill et al., 1980). 

Many microorganisms can utilize petroleum hydro- 
carbons as a carbon and energy source. Pseudomonas sp. 
appears to be the most frequently isolated decomposer of 
crude oil (Jobson et al., 1972). In addition, Achromobacter 


sp, Alcaligenes radiobacter, Aspergitius ~Bacillus, Coryne- 


bacterium, Desulfvibrio, and Micrococcus have all been 
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implicated in petroleum degradation (Stone etalk, 529 42’; 
Ellis and Adams, 1961; McGill Ska .1, 1980) 

Fixation of atmospheric nitrogen may result in 
increased total nitrogen in oil-contaminated soils (McGill, 
et al., 1980). These increases are believed to be in the 
order) of 0.103%) total’ N in a soil with 12 oil by weight 
(Plice, 1948) and 1.2% total N in pezatfinvdire (Davisse 1952). 

Oil has a varied effect on soil PH, with both 
increases and decreases (McGill ebfal..,, 1980) . \Natural 
gas appears to buffer pH near neutrality (Ellis and Adams, 
HBO 1)" 

Accumulation of trace metals may accompany disposal 
of industrial oily wastes on soil. Raymond Sra (197 6.) 
detected 7,500 ppm Pb in a soil used for disposal of crank- 
case oil. Concentrations within this range reduce decom- 


position processes (Jensen, 1977). 


B. CHANGES IN SOIL BIOLOGY 

The number of soil organisms is decreased by 
the volatile components of oil (Buddin, 1914). However, 
organisms capable of degrading the petroleum hydrocarbons 
reproduce rapidly. Thus, the microbial population may 
increase, but the diversity of the group may decline 
(stone etal), 1942). “'Suchtanie@fect ts not! tong lasting 
with a single application of oil (McGill et al.; 19380)". 

Both nitrification and ammonification may be 
inhibited in an oiled soil (Gainey, 1927; Murphy, 1929; 


stundl, 1959; Edigarova, 1963). This: decline is related 
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to the rate of oil addition as well as time since appli- 
cation. The original nitrification Capacity, Of a) isoilis 
eventually restored (Murphy, 1929). Denitrification may 
increase in an oil-polluted soil in response to both low 
Oxygen tensions and increased available energy supply 
(McGill et'al., 1980). 

Collembola were found to be eliminated and the 
mite fauna reduced by the addition of oil to a soil 
(Hutchinson eteal.-, 1974) 

Burning is commonly used to remove excess oil. 
Lussenhop (1976) cited a variety of responses of the 
soil meiofauna to burning of a prairie grassland, 
primarily in response to increased detritus following 
burning. No immediate or prolonged deleterious effect 
was noted relative to burning. However, soil temperature 
during burning would be considerably lower in this instance, 
as compared to those produced when burning off excess 
oil. In such instances, the vegetative cover is completely 


removed, thus producing a very hostile environment indeed. 
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RESULTS AND DISCUSSION 
PART I. WATER-SOLUBLE ORGANIC MATTER AND THE MICROFLORA 


AND MEIOFAUNA OF THREE ALBERTA SOILS. 


An investigation of three soils: Gray Luvisol, 
Gleyed Black Chernozem, and a Black Solodized Solonetz was 
undertaken to determine the organic nutrient content 
(mineralizable carbon, amino acid nitrogen and total water- 
soluble carbon) of the soil solution and the bacterial 
flora and meiofauna of these soils. The nutrients avail- 
able to the soil biomass may be quantified in terms of 
water-soluble organic matter, which represents well over 
half of the readily decomposable organic matter in the 
soil (Hu et oe 1972; -Burftord.and Bremner, 1975)... ‘Vari- 
ability in the species diversity of a population, as well 
as its density may be correlated with substrate concentra- 
tion (Monod, 1949), but, factors such as habitat diversity 
(Anderson, 1978), must also be considered. Thus, measure- 
ments of total water-soluble organic matter in these soils 
provide some explanation for the variability in numbers 


of both the microflora and meiofauna in different habitats. 


MATERIALS AND METHODS 
A. ANALYSIS OF SOILS 
1. Population Assessment 
a. ‘Bacteria 
Moist samples were analyzed within 24 hours of 
collection. A 2 mm sieve was used to break up the samples, 


which were then mixed, and a10g subsample was removed 
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and utilized for analysis. Serial dilutions were made in 
Sterile water blanks, and a 0.1 ml aliquot was plated on 
PCA agar to produce a series of dilutions ranging from 


mp to ino Plates were incubated at 30°C for 10 days 


10 
after which colonies were counted. 
e.g BUG ti 

Samples were prepared in Bouin's solution for 
enumeration using the Jones and Mollison technique (Jones 
and Mollison, 1948). Limited time forced cancellation of 
this portion of the study. 
c. Soil Arthropods 

Soil cores were removed to a depth of 9:cm and 
divided into 3 cm sections then placed in a Macfadyen high 
gradient extractor for 7 days (Marshall, 1972). Samples 
were collected over water, then stored in 953 ethanol. 

Collembola and Acarina were enumerated separately. 
No further taxonomic evaluation was undertaken. 
2. Analysis of the’ Soil 

The soils were divided into 3 cm sections for 
analysis in all cases, except the Ellerslie mineral 
horizons where friability of the samples prevented such 
treatment. 
a. Dehydrogenase Activity 

An attempt was made to evaluate dehydrogenase 
activity of these soils as a measurement of the oxidative 


metabolism of their microbial flora (Ladd and Pau Lee hoy 3 


However, all attempts failed. 
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b. Water-Soluble Organic Matter Content 

Suspensions of 10 g soil in 50 ml of deionized 
water were shaken for 2 hours at room temperature. Sus- 
pensions were then centrifuged at 127, 200%g for +20 minutes, 
except for samples taken from the Solonetzic horizons, 
which were centrifuged at 27,000xg for 20 minutes. All 
solutions were then filtered through glass fiber filter 
paper to remove suspended organic debris. Samples were 
then frozen prior to analysis. Preceding analysis, samples 
were thawed and filtered through a 0.2 um millipore filter; 
the filter was then washed with enough deionized water to 
increase the sample to 100 ml. 

The soil solutions were then analyzed for total 
water-soluble carbon (Mebius, 1960); ninhydrin-reactive 
nitrogen (Moore and Stein, 1954), and anthrone-reactive 
carbon (Oades, 1967). 

i) Anthrone-Reactive Carbon 

Anthrone reagent was prepared as a 0.23 (w/v) 
solution in H SO, (91% v/v). Five ml of reagent was added 
to 2 ml of soil solution in an incubation tube, sealed, 
Shaken and incubated in an oil bath for 10 minutes at 100°C. 
The reaction was stopped in an ice “water bath. Samples 
were compared to glucose standards ranging in concentration 
from 10 to 100 ug glucose mi7t, Readings were taken at 


625 nm, and expressed as ug CG gt (On D.e Soir) < 


he 


essen it ‘eS “Gat ‘gegen ver ses ' 


ares 


rs | saietsgon! ae es 


entosivod sisvean Seve ey: ree 
LFA perry. Bo bevy 
<9125 eseis sc | -Apsee to, G 
By celia’ =tab" agent | 
E - ' 
sighte ceteyiens: aie gud ¥ helmets o 3 He 
pat 

toed fr e1OgLLLim ma Geek Be punta sory 8 
5+ 2e3sw pasinoteh ie woh a3 dl Sbtese onset | pw 

ee Pe tee Re eat | 

| ‘ ae 

lagok SOF -bae nphsits weshh, ae sro Mattes 0 a ‘ 
av spiansy eines bis. ; iaobe | ‘ae vt, ‘Gites ine f . 
shou=enOunt Ray BA a AeA vite faa on) we 


Day Al 


benba enw 4 NSCB ms a 1 pene 1 a ve | 
(be. ase wid ROT ome ae he Ro2cuney ton eam 


a ba hdd. ts ey Sil ta 0) nti Eiko wi pee 


a ° 9 Eyre ia i ; 7 
ik Ae es Bees ait emeanabd aoa on 


salqmna ee Bie deh eat, ae Ts i iret dex 
apse esha ayy ad arbres ‘ghreinetes ayo fih bey ney 


ae eacael si earinnsa Ao Laconia oon 8 
eee 


4 Rg ue | y | tole Sane 
: i ‘ ; ry 


I 
2a y 
co | “a? { 


: i fe & 
ii) Ninhydrin Reactive Nitrogen 


The ninhydrin reagent (0.4 g ninhydrin, 0.6 g 
hydrindantin) was prepared in 150 ml methyl-cellosolve, 
then mixed with 50 ml acetate buffer. Soil solution 
(0.5 ml) was added to 1.0 ml of the ninhydrin reagent, 
shaken 10 seconds, then heated for 15 minutes at 100°C. 

The reagent:sample solution was then diluted with 10 ml 

Of a 50:50 pmixture, of EtOH:H50 and cooled in an ice-water 
bath. Samples were shaken and read at 570 nm then compared 
to a leucine standard varying in concentration from 0.4 mM 
to 2 mM (prepared in citrate buffer at pH 5.1). The 

NH,-N content of the soil solution was measured by steam 
distillation with MgO, and potentiometric titration. These 
values were subtracted from those of the ninhydrin-reactive 


nitrogen, to give an estimate of amino acid nitrogen only. 


iii) Total Water-Soluble Carbon 

Five mls of the soil solution were heated with 
LS Mis K,Cr,07 (0.267 N solution) in a 125 ml erlenmeyer 
flask on a hot plate for 30 minutes. A reflux system was 
constructed by placing an inverted 50 ml erlenmeyer in the 
mouth of the larger flask. The flask was then cooled in 
a, cold-water bath... The solution, waS titrated with a 0.2 N 
Solution of Mohr™s salt) (73. 390 ganor (NHy) 2S04° FeSO4- 6H50 
and 50 mi. conc. sulfuric acid in, distilled: water, di luted 
to 1 liter). Phenylanthranilic acid (200 mg N-phenylanth- 
ranilic acid in a 0.2% NajCO3 solution) was used as the 


indicator, giving a color change from violet to bright green. 


sen 


ial ares sgn 


- saith ey “ee “basa ne 
tht OE ? HSL 1 Bidar E LS vt pdt | om 

Sear Soyk as) ‘2 Kato by Pers yi? sete te a 
Saee unonD nei) oe Me $6; bswe bas onset 
| mt 20) moray nodes MASQIGD te prin » 
| & setsue) asng $b ole 
Bede ‘a Saaveeen it: batert fo, eer. a yea 
 SeSH? io JAS Slasene. Ba, Bap. tee ie 


SV Line ss m5, TOME sre ny erm non beat 


a 


ont be te 


a 
wr 


ite sepois & ia, mate aig somone 4a rete ’ 


nodnen. otdietoueyoaiy East 


A bts 


. a28u beenad Oy | NGS ILLOB. hide ah ta, bin oath» i 
. reyehinelte. Lu) 36 s ai (nents iH coe * ‘ wee a 
Sey RELEYS nts & (wena ae: mee “eal, Jott ¢ - 
ode il, TSS yoLie. da: 88 bev xevat ca ondgaite, ‘Yih beso 
cub, bai dog ea Fagit cay ieHte weet alg re 
; 5.8 S He ty Meters! en cer oe saan | om 
| Bighhie- Oke: poeg inn =o" pei, 8b 5 ad, &* shot 
bowitar tesa febtrvars mi ‘pipe came - A dilate 
Aine pain 0S Biok 05 pital: Aga d ae “ 
2. ro at, beir cy bnptoseting Magnus ex.0 bad bie obtnwy 
ae Pe soled Ae seals aia aaa dotsolBak, — 


> 


74, 


c. Physico-Chemical Parameters 
i) Moisture 
Moisture percentages were determined gravimetri- 
cally using sieved samples (2 mm). Samples were dried at 
£O5°C Mor’ 24 hours. 
Ha) pH 
The soil pH was determined using a 10:1 solution 
of 0.01 M CaClyo:soil; pH was then measured potentiometri- 


cally. 


RESULTS 

a THE. SOLL 

Samples were extracted over the 1977 spring and 
Summer seasons. The soils have been described as follows: 
BRETON: Gray Luvisol 

The vegetative cover at this site included balsam 
poplar interspersed with spruce trees, and a ground cover of 
grasses, sparse cover of dogwood, and moss in low lying 
regions. There were a number of fallen trees within the 
area sampled, and the area was often quite wet in the 
depressions. The area sampled was on the peak of a north- 
facing slope, and therefore received understory-dispersed 


Sunlight,, and in spots, direct SuMhagh t. 
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BRETON: 


Horizon 


L 


AeH 


Ael 


ABe 2 


AB 


Bt 


Gray Luvisol 


Depth 


9-6 cm 


6-3 cm 


3-0 cm 


0-3 cm 


3-9 cm 


9-15 cm 


15-18 cm 


18-21 cm 


Di 


Description 


Undecomposed and semidecomposed aspen 
leaves and spruce needles. Some grass 
boots. 1C5N ratio tunavilable:? 


Semi-decomposed leaves and spruce 
needles mixed with grass roots which 
are loose to matted. Abundant fine 
Coo Very (Line, roots, randomly distrib- 
ViCd ce aCe Nara tie Lo sl 


Similar rooting pattern as F horizon. 
Decomposed fibrous to matted organic 
Mateers “C°Neraric: Pils. 


4 
Dark grayish brown 10YR2 (moist), SL; 
platy to granular; friable; plentiful 
random roots. "CN ratio 9:1: 


4 
Dark brown l0YR3 (moist), SL; moderate 
medium platy; friable to very friable, 
some plentiful fine and very fine ran- 
dome and horizontal roots. C:N ratio 
a has 


5 
Light brown 10YR3 (moist); LS; weak 
medium platy; vesicular; very friable; 
few to very few fine, Oblique, randon, 
TOOLS 6. ,CUuN Latror list. 


5 
Brown 10YR4 (moist), L to SL; 
coarse platy to blocky; slightly Caen, 
few medium and fine random roots. 


5 
Brown l1OYR4 (moist, crushed) ; 
CL; strong, fine subangular blocky, 
slightly firm to firm; few fine, 
random Treots. CeNi ratio. tls. 


apiece 


naatee apeocinigaedan, = aes 
BEES soe sit 


‘olamt ane 


PEACE, aay Gs caveat beng 
Pier : seg did | 

pp er Regs: |, gee Fosi ot 
~d tae ve Pebiiea . ergees 


— 
i 


Hoes TOL sa Maa 
>. ST me a a 4 oe 
tea 
ic : h i. = _ a 
s : = - oh " 
; te oe f 2 LADS Saxo { Whe! rye Aes yete a 7” ; 
[ iJ ; as he ne = Fs eC ae ae -' i be! = sede cat i. 4 ys uF ; a ~ 
| nets ees 6:5 asae ae 
‘ie ; ae 
i De ae jig 3 ore fogs 
a cS be iy 0 i i { I i » ‘Wa re ; 


oH 


dk aw econ) eee | | 
wo iGh 22 NIRA ee tig ee 3 ees ATA ok | 

nha tet ba ae ges bie? eed ? Li? - Ae: ei at ie a 
, , +e Vi S) a JO5 mf rt Patt) sdiaceatias ae lye a od 


aaah +t : hy 4 ioe Fi ¥r, 

hs Ser aS ‘' 

Maakes Ran ene Ye % 
i, 5 ai ee 0 aan Hi ak 


| site ee Mee) 

ey ete es key qygnold. oF: Yoel gp tens 

236 2 (OBIE aries: een ee rr ae 

. eae Ne ey DN 

ie ne ae + ee an ws o 

| edaeics he SOA) Faxon | 

VAIO T a. setup sak 25h 2 ain 
.» JSR wes shea hf 


ales oi tet et im 


; i a - f | _ iy ¥ ; ‘4 oy : Ae 


’ nr ee PF 7 al ae ka ie 


ELLERSLIE: 


AO: 


Gleyed Eluviated Black Chernozem 


This site is vegetated with balsam poplar, with 


a thick cover of red ozier dogwood in the understory. The 


Site sampled was flat, and only dispersed sunlight pene- 


trated to the soil surface. 


Horizon 


bE 


FH 


Ah 


Depth 


21-15 cm 


15-6 cm 


6-0 cm 


0-12 cm 


Description 


Loose duff, partially decomposed balsam 

poplar leaves, as well as undecomposed 

leaves and Ypartvally decomposed roots. 
2 


Dark brown; 7.5YR2, abundant medium 
fine to very fine random and horizon- 
Hee LOOESH MEG: Nuratio 4651. 


3 
Dark reddish brown 5YR3 (moist), 
partly humified and humified organic 
Matter; abundant coarse and medium 
roots, horizontal; random fine and very 
DPIREZZOOESANACEN ratio 31:1. 


2 
Dark red brown 5YR2 (moist); humified, 
loOseqgroobings maetéC .andutNware 23.1 


and 2.4 respectively, giving a C:N 
rabLloxzof 729 31 ; 


3 
Black 1OYR1 (moist); CL; strong medium 
granular; slightly firm; common fine 
and very fine oblique roots; few medium 
and coarse oblique roots. C:N ratio 
iL Seeley 
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CHIPMAN: Black Solodized Solonetz 
The area studied was covered by native grasses, 
the terrain was flat and open. During the November 
Sampling period, the soil was frozen to approximately 4 cm 
with ice present, especially at the soil surface. The 


area is wind-swept, and was only sparsely covered with 


snow. 
Horizon Depth Description 
2 
Ah 0-3 cm Brown l0YR2 (dry); SiL; weakly 
granular; friable; abundant fine 
COUVeGyY fine medium roots. C:N 
Fat1o. 45 <1. 
Bh 
Ahe o> Guasemn Black LOVRE (dry) >. ls weak platy 
to medium granular, very friable; 
Very ranpundant, -very fine to fine 
and medium, random roots. C:N 
at wow 4 ae 
6 
Ae-Bnt 6 = 6..a.OlR Brown lO0VYR2 (dry); flakey or 
Chans neon moderately platy? friable? ‘c:n 
(surface RicteuMory 2 oe. 
coat) 
2 4 
Bnt, tr laren Brown 10YR2 (dry); matrix with 8YR4 


mottles, fine abundant mottles con- 
centrated along root channels; mass- 
ive clay; very firm; moderately 
columnar round tops; massive mesa- 
SCEUCEULTe plentiful very firm fine 
Fandom teeges.) OC: N rate. cS: bz 
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The Chipman soil showed evidence of possible 
intermittent anaerobiosis by virtue of its mottling pattern. 
No such evidence is present in the sampled horizons of the 
Ellerslie and Breton soils. The mottling pattern may have 
arisen from water accumulated on the ‘roundtops” for 
mottling was especially evident in root channels where it 
may have accumulated. 

Soil porosity varies greatly in these soils, for 
example, movement of soil microarthropods would be compara- 
tively unobstructed in the litter and fibrous humic layers 
of the Breton and Ellerslie soils. Mobility would be 
expected to be limited to organisms with a slighter stature 


in the mineral horizons. 


B. THE SOIL ORGANISMS 
1. Bacteria 

Bacterial numbers can only be discussed in terms 
of trends due to the high variance of the data collected. 
It is not possible to compare soils due to the difference 
inysamp ling «date, Niabptes 12> 3 14eu0 5). 

In general, bacterial numbers appear to follow 
the pattern set by readily utilizable carbon, as opposed 
to the) Cen ratio of/thessoil ‘solution. For example, the 
number of bacteria in the LFH horizon of the Breton soil 
is 100 times greater than that found in the mineral horizon 
of that soil (Table 14). This is also true for the 


Ellerslie FH and mineral horizons (Table 12 and Laver 
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TABLE 12. 


Biological and physico-chemical parameters 
measured for the organic horizons of the 


Ellerslie soil. 


Ellerslie (Gleyed Eluviated Black Chernozem) 


A. 


Gravimetric % Moisture 


Depth 
(21-18 cm) 
(18-15 cm) 
(15-12 cm) 
(12-9 cm) 


PH 


Depth 
(21-18 cm) 
(18-15 cm) 
(15-12 cm) 
(12-9 cm) 


Biological Assessment 


i) Bacterial numbers m_ 


Depth 
(271-18 cm) 
(18-15 cm) 
(15=12 cm) 
29 sem) 


ii) Arthropod numbers m72 


Depth 
(21=1'3° cm) 
(LO-25:cm) 
(15-12 cm) 
(12-9 cm) 


To 


16/06/77 30/08/77 
xt+S.D. xiSeDE 
34.845.9 SGM tt7 65 
25.545.1 63.4+8.0 
26.625.2 54.3+7.4 
33.345.8 45.546.7 
pH 
xtS.D. 
Pea On 3 
6.810.3 
6.7£0.1 4 
6.540.3 
2 
16/06/77 30/08/77 
x+S.D. x+S.D. 
DO 4a aie” Bet 4631 10 
We lerowoe 0? BRO 47.7% 10, 
PO. on ok NO 14 23x LOL 
B10 eso 10! oe ko 6 107 
16/06/77 30/08/77 
#COLLEMBOLS m*  #MITES m2 #COLLEMBOLS m* #MITES m2 
x+S.D. x+S.D. xtS.D. x+S.D. 
3.105+5.102 Dee mao | | 2.10228.10% | .4,102¥6st02 
2.109+5.102 ZACH 07 We 92.10°44, 10°" | 8.102490 202 
1.105+1.103 200° 21 4102 4.10°+6.102 1.106+1.103 
2.105+5.107 3, 10°%2e10° nga eu eae 1.106+1.103 
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TABLE 13. Physico-chemical and biological data 
collected on the Ellerslie mineral (Ah) 
horszonmGly /09/.7 7) 

Ellerslie Mineral Horizons 


A. Gravimetric % Mositure 


% Moisture 


Depth xtS.D. 
(026) cm) 20024.5 
(0-6 cm) 16.024.0 
(0-6 cm) 20.4+4.5 

n=4 
B pH 
pH 
x+S.D 
(0-6 cm) °- 6.4+0 
(0-6 cm) 6/440 
(0-6 cm) 6.3+0 
n=4 


C. Biological assessment 


i) Bacterial numbers m72 


x+S.D. 

(0-6 cm) Mae a0 
(0-6 cm) 3,107° +6108 
(0-6 cm) 2.1011+8,109 
ii) Arthropod numbers m7 

#COLLEMBOLS m72 4MITES m2 

Depth xtS.D. x26. D. 

(0-3 cm) 2.10545.102 S10 Ca, ae 
(3-6 cm) 3.10°+6.102 3.10 °22s80° 
(6-9 cm) 1.107+3.102 THe oe ah 


(9-12 cm) 6.10°+8.102 4.106+2.103 
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TABLE 14. Physico-chemical and biological data collected 


on the Breton soil. 
Breton (Gray Luvisol) 


A. Gravimetric % Moisture 


Depth x+S.D. 
(6-3 cm) 196.4414.0 

(LH) 
(3-0 cm) 105.8+10.3 

(LH) 
(0-3 cm) 34.0+5.8 

(Ae ) 
(3-6 cm) 25 Ook 

(Bt ) 

Bo pH 

Depth %ES.D. 
(6-3 cm) 6001S 
(3-0 cm) 5.6+0.2 
(0-3 om) Si (280) 4 
(3-6 cm) 61023 

C. Biological Assessment 
i) Bacterial numbers m2 
9/05/77 

Depth x S.D. 
(6-3 cm) 4.1012+6.108 
(3-0 cm) 2.1019+ 3.197 
(0-3 cm) 2.1019+2,107 
(3-6 cm) 1.1049+2,199 
ii Arthropod numbers m2 

9/05/77 10/10/77 
#COLLEMBOLS m-° #MITES m72 #COLLEMBOLS m 9° #MITES m@2 

Depth x+S.D. x+S.D. x+S.D. x+S.D. 
(6-3 cm) 1.105+ 3.102 1.10°+1.102 6.105+8.10% 8.106+3.103 
(3-0 cm) 2.105+ 4.102 1.10°+1.103 2.105+4.102 9.106+3,103 
(0-3 cm) 2.10°+4.102 1.106+1.103 5.104+2.102* 7.105%8.102* 
(3-6 cm) 1.105+ 3.102 1.10°+1.103 7.109% 3.10 | 5.105+ 7.10 
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TABLE S.. 


Physico-chemical and biological data collected on 
the Chipman site. 


Chipman (Black Solodized Solonetz) 


A. 


Gravimetric % Moisture 


Depth 
(0-3 cm) 
(3-6 cm) 
(6-9 cm) 
(9-12 cm) 


n=6 


19/07/77 
x+S.D. 
S7/aO)aF dul 
SSiatslesSye fs: 
B25 9507 
33 4245/00 


PH (0.01 MCaCl>) 


Depth 
(0-3 cm) 
(3-6 cm) 
(6-9 cm) 
(9-12 cm) 

n=6 


Biological Assessment (Chipman: 


LOO hal 
x+S.D. 
6.820.3 
Oo 8)22(0)., 
6. 920s 
Ho O40) 58) 


a) Bacterial numbers m_ 


Depth 
(0-3 cm) 
(3-6 cm) 
(6-9 cm) 
(9-12 cm) 


n=6 


19/07/77 
x+S.D. 
7.1012+5, 1911 
4.1012+4,1911 
2.1044+2, 1911 
4,.1012+4 i911 


(x5 analytical reps) 


ii) Arthropod numbers m7 2 


Depth 
(0-3 cm) 
(3-6 cm) 
(6-9 cm) 
(9-12 cm) 


n=6 


19/07/77 


re 
#COLLEMBOLS m 


x+S.D. 
1.10°5+3.102 
9.104+3.102 
1.105+3.102 
1.10°+3.102 


Horizon: 
Ae 
Bnt 
n=4 


Horizon 
Ae 
Bnt 
n=4 

4MITES m7? 
x+S.D. Horizon: 
8.102+9.102 Ae 
5.105+7.102 Bnt 
4.109+7.102 n=12 


4.10°+6.102 


207 TA TT 

x+S.D. 
22.8+4.8 
23.6+4.9 


Black Solodized Solonetz) 


eos 
5.1012+7,10 
4.1011+1.10 


207 TLS TT 


LE 
raat 


(x5 analytical reps) 


ee 
#COLLEMBOLS m 


x+S.D. 
4.104:2,102 
2.104+2.102 


82. 


-2 
#MITES m 
x+S.D. 


22102+4.102 
2.107+4.102 
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Moisture levels must also be considered, especially in 
terms of the bacteria and meiofauna. The distribution 
patterns of the*bacterial population also follows that 


Of soil moisture. 


2. Microarthropods 

Microarthropods are limited in their distribution 
by substrate, physico-chemical characteristics of the soil, 
and structure of the habitat. 

One would expect the structural limitation of the 
Chipman soil to hinder the establishment of an arthropod 
fauna (Table 15). However, the population of this soil 
consists of larger, more robust individuals of Collembola 
and mites. 

The number of Collembola and mites appear to be 
evenly distributed throughout the soil profiles examined 
(Tabtes 12).13, V4 wetso. the Vertically drstribution patterns 
might best be studied in terms of size distribution of the 


Collembola and mites throughout the soil horizons. 


C. WATER-SOLUBLE ORGANIC MATTER 

The data obtained for water-soluble carbon are 
highly variable (Table 16). This variability may represent 
the variation in substrate levels at the numerous micro- 
sites in the soil. However, this high variance in total 
water-soluble carbon may also be due to technique. For 
example, the apparatus utilized may have allowed the escape 


of KjCrj07 from the system, thus reducing the oxidation of 
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carbon in the sample. The K9Cr907 also decayed under the 
conditions offanalysis<*, This decay rate, and loss of 
oxidant from the system may have occurred to a variable 
extent, and thus, could not be accounted for by comparing 
a heated and cold blank. The reductant, ferrous ammonium 
Sulfate, can be oxidized under laboratory conditions. All 
these factors reduce the sensitivity of this procedure. 
However, it was the best technique available at the time 
of analysis. 

Jackson and Hall (1978) indicate that the soil 
solution extracted from soil cores, as opposed to the 
Slurry method can more accurately reflect changes in the 
concentration of Solutes*® ine thetsoids solutions 

The water-soluble carbon content varies with 
the soil, as well as the soil horizon. For example, Hu etPal., 
(1972) found that the levels of water-soluble carbon 
were greatest in less decomposed organic horizons which 
agreed with the findings of Dickinson and Pughia(2 970) < 
Hu found values of water-soluble carbon varying from 
6.0 x 104 ngs C gt organic materials (red oak, red maple, 
white pine litter) to 6,000 ywqoc gl organic material 
(hemlock - yellow birch litter). However, Hu eteal. 40972) 
usedyay 1:10) solution: of ‘soil Mto\water;) values fort water- 
soluble carbon would be expected to be higher than those 
found in a 1:5 soil:water solution. Burford and Bremner 
(1975) found that total water-soluble carbon varied in the 


range Of 9Fit0Mw259" tsa gt of soil. Jenkinson and Powlson 
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(1976) found values of organic carbon in the range of 

160 ug (e me soil. Thus, the values found in the three 
studied soils vary within the range of values of total 
water-soluble carbon reported in the literature (Table 16). 
The highest amount of total water-soluble carbon was found 
in the. L horizon of the Breton. soil: 6,259.94 ayC gt OsD. 
Soil. “This value compares to that found by Hu Sela lire CL 97 2) 
in the hemlock-yellow birch litter. There is a ten-fold 
decrease in the total water-soluble carbon content of the 
underlying horizon of the’ Breton soil} ‘This ‘isto be 
expected because of the eluviation occurring in this horizon 
and because of bulk density changes. Such a reduction in 
water-soluble eatbon is also noted in the Ae horizon of 

the Chipman site. 

The values obtained for total water-soluble carbon 
were utilized to compare the relative abilities of the 
respective microbial populations for growth under optimum 
conditions and the substrate levels provided (Table VE ae 
By utilizing the equation a = aS er , rearranged from 
that of Monod (1942), the proportion of maximum growth 
rate can be determined at the concentration of substrate 


C, using the value C, = 35 ug c ml7- 


(MeGill et jale1980.). 
the greatest capacity foungquowth tse found in’ the I, horicon 
of the Breton soil, which is 86%. The lowest growth rate 
would be expected in the Ae horizon of this SOL, as Varue 
of s of 48% was calculated for this soil. 

It must be realized that these growth rates 


represent those expected under optimum conditions. However, 
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in the soil, a variety of factors reduce the availability 
of solutes. For example, soil and environmental character- 
istics which affect the y of soil water will thus affect 
availability of solutes: soluble salts would affect the 
osmotic pressure of the soil solution, and may also pre- 
Cipitate organic constituents. The matric potential of 
the soil water is affected by the structural components of 
the soil. Adsorbtion-desorbtion equilibria between the 
Soil organo-mineral complexes and the soil solution will 
also affect the rate of dissolution and of diffusion of 
organic substrates, and hence their avawlability to, the 
microbial flora. The physical structure of the microsite 
will affect the amounts of water present within that environ- 
ment, for example a large pore is easily drained, while 
Capillary pores resist loss of water toa greater extent. 
Thus, cell production within soil under even ideal condi- 
tions, is limited by substrate concentration and can be 
expected to be even further restricted by diffusional and 
environmental constraints which reduce substrate and 
Organism mobility. 

These considerations do not account for inter- 
specific competition such as predation, . or competition 
for substrate or cell death and lysis. Thus, the microbial 
biomass may just maintain itself under conditions in the 
soil, with major growth fluxes only under periods of optimal 
substrate input: increased moisture levels, or litter 


deposition. 
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The readily mineralizable carbon content of these 
soils follows the same trend as the total water-soluble 
carbon. For example, it is most abundant in the LF horizon 
of the Breton soil. This C-pool is available for energy 
requiring reactions (Burford and Bremner, 1975). Marumoto 
et al (1977) demonstrated that microbial cells, in parti- 
cular, cell wall components (Marumoto et al., 1977), contribute 
up to 24% of the readily-decomposable organic carbon (as 
measured by CO9 evolution) in an artificial soil with a 
C:N ratio of 40:1. This contribution would be expected to 
be much lower in natural soils where organic nutrients are 
dissolved from deposited and degrading organic debris. 
Fluctuations in this component may also occur due to freezing 
(Ivarson and Sowden, 1976). 

Ivarson and Sowden (1976) isolated a number of 
amino acids from soil, and found the greatest quantities in 
organic soil ihorfzons (1.15 ud) amino acid got OSD soul) as 
compared to mineral soil horizons (0.06 to 0.12 ug amino 
acid gil O.D. soit). badd et al, (976) found quantities 
of amino acids in the range of 22 ug leucine equivalents gt 
soil. However, these amino acids were extracted with tris 
buffer, which might explain the increase in the extraction 
rate. The Ellerslie LFH horizon contained the most ninhydrin- 
reactive nitrogen. This may be an indication of the increased 


input of microbial protein in the well decomposed LFH 
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The C:N ratio of the water-soluble components 
indicate conditions for the net immobilization of nitrogen. 
Park (1975) indicates that the bulk C:N ratio is not 
indicative of that at a microsite. For example, the C:N 
ratios calculated for total water-soluble carbon and 
ninhydrin-reactive nitrogen are exceedingly high. The 
C:N ratio at the microsite may be much lower than that 
indicated by thé-bulk C:N ratio. 

These data indicate that conditions within all 
three sites are nutrient and energy-limiting, and that 
conditions for acquisition of substrate are highly compet- 


Ttive. 


DISCUSSION 

The, habitats) chosen for this study provide 
heterogeneity in terms of substrate composition and avail- 
ability in the soil, as well as habitat diversity. For 
example, habitat varies throughout the profiles of the 
particular soils from the L,F and H horizons of the 
Ellerslie and Breton soils to the highly compacted Bnt 
horizon of the Chipman site. The former horizons would 
provide adequate porosity for the aeration of the micro- 
sites, as well as diversity of microsites for the micro- 
flora and meiofauna. A gradation into sites of more 
limited accessibility is also present. The A and B 
horizons of the Ellerslie and Breton soils would be 


limited to those organisms capable of traversing the 
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restricted pore space and channels created by larger 
organisms. The Bnt horizon would be expected to exclude 

all organisms, thus restricting organisms to only cracks 

and fissures. However, to provide proof of the presence 

of organisms in this compacted horizon, these samples should 
have been separated from the Ahe horizon at the BOC LOr 
sampling. 

Under non-restricted solute supply, it appears 
that there is adequate substrate to support the Growth of 
microflora in all soils analyzed. However, when one 
considers factors such as osmotic potential, matric potential 
and physical inaccessibility of the substrate, as well as 
diffusional net en eee it appears microbial growth 
within the soil is limited by substrate aCcessSibality, 


matner than lack of nutrient. 
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PART II. THE ELLERSLIE OIL EXPERIMENT 

This portion of the study was undertaken to 
investigate some effects of an oil spill on the soil 
meiofauna. Effects of oil pollution upon invertebrates 
are well documented (Hutchinson et al., 1974). However, 
little work has been done on the effect of petroleum 
hydrocarbons upon the population of soil animals. 
Hutchinson et al., (1974) document a dramatic decrease 
in both Collembola and mites due to severe contamination 


Of, peat: bynoids. 


An attempt was made to separate the effects of 
an oil spill: removal of vegetation, presence of oil, 
and surface crusting. These effects would be expected to 
dramatically affect soil aeration, nutrient content, water 
regime, as well as introduce toxic compounds. The soil 
Collembola and mites are intricately associated with the 
microstructure of the soil, and are dependent upon this 
environment for their air supply, nutrients, moisture 
and physical protection. Thus, these organisms should 
provide a useful indication of altered soil conditions as 


an result. of) pollution sy\oid. 


MATERIALS AND METHODS 
&. ANALY SLSONOR. SOT 
1. Sampling and Extraction of Collembola and Mites 
The soil cores used for extraction of Collembola 


and mites had a volume of 28.26 com>, Samples were 
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initially taken using a Macfadyen split core, however, 
difficulties arose due to ine break-up of samples; a 
tulip-bulb planter replaced this equipment. 

During the 1976 sampling season, samples at the 
3-6 cm depth were utilized to compare treatments; micro- 
arthropods were extracted as previously mentioned. This 
depth contained the greatest number of organisms during 
preliminary sampling. Coincident with this extraction, 
samples were also taken to)a depth of 9° cm (and divided into 
SEC LNCOrVais) 1 tie COncrolwplot, and: one treatment plot. 
In this manner, it was hoped to gain some insight into the 
Vertical Gaistribution pacternwof the\ soi lymicroarthropods. 

During the 1977 sampling season, another Macfadyen 
extractor was made available and all samples were taken to 
a dept Of 2..cm and divided) ante.sgem sections, to give an 
indication of the vertical distribution of Collembola and 


mites. 


Each sample was placed in a plastic bag and stored 
under refrigeration (4°C) for approximately’ 22 hours atter 
which they were extracted. Samples were extracted over 


water, and stored in 95% ethanol. 


2. _ Physico-Chemical Analysis of Soil 


a.» SOi] Moisture 
Soil moisture was done gravimetrically. 
b. Temperature 
Temperature readings were taken at weekly and 


bi-weekly intervals during the first sampling season; 


monthly readings were taken during 1977. 
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94. 
A thermistor was employed to take each reading 

at a depth ef 3-6ycm.during the fixrstsseason, .and.at.3.cm 
increments to a depth of 9 cm during the second sampling 


season. 


c. Mineral Nitrogen 

Moist 10 g samples were shaken for 30 minutes 
with 2N KCl. The solution was then utilized for deter- 
mination of NH, - N and NO; 
as outlined by Bremner (1965). 


- N using steam distillation 


ae DH 
Soil pH was determined in 0.01 ™M CaCl5 using a 
10:1 solution: soil ratio. Soil pH was measured potentio- 


metrically. 


EXPERIMENTAL DESIGN 

Treatments were applied in May of 1976 to a 
permanently grassed site on the University of Alberta 
farm at Ellerslie. Chemical and physical analysis of the 
Soil commenced immediately. Examination of the soil for 
Collembola and mites began approximately one month later. 

Plots were l mn and were surrounded by atl m 
buffer zone. The plots were arranged in a stratified 
random design. Each treatment was replicated 4 times. 

The treatments were termed "CONTROL", "OIL", 
"PARAFFIN", and "NO VEGETATION" and were applied as 


follows: 
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OIL: Redwater crude oil was applied at a rate of 
11.37 liters m°. Large (260 ml) juice cans 
were perforated at the bottom and used to 


apply the oil evenly. 


PARAFFIN: Sealing wax was heated and applied evenly over 
the soil surface. This treatment was used to 
simulate surface crusting. 

NO VEGETATION: An oil spill effectively destroys non- 
tolerant vegetation. This treatment simulated 
this effect. Vegetation was removed using 


hand clippers and raked off the site. 


STATISTICAL ANALYSIS 

Factorial analysis of variance was utilized 
to analyze the physico-chemical data obtained. The data 
obtained for the 1977 sampling season were analyzed using 
the SPSS package. Duncan's new multiple range test was 
used to group data, when the F ratio indicated significance. 

Factorial analysis of variance was used to 
determine the effect of treatment on the Collembola and 
mites in most cases. However, a T-test was used to compare 
the controlesocilpand tthess oii. W(Tap ke (26)s ands nos vegetation" 
(Table 25) treatments at depth. 

The data used for statistical analyses were not 
transformed. Abrahamsen (1972) stated that transformation 
is unnecessary, because analysis of variance is robust 
against non normality. He further stated that transformation 


May impede interpretation of results. 
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96. 
RESULTS 


. SOLL MOLSTURE 

During the first sampling season, there was 
Significant effect of treatment on soil moisture (p = 0.01) 
due to treatment and sampling date (Table 18). Utilization 
of an LSD revealed the soil treated with oil was Signifi- 
cantly wetter than the control soil. A Duncan's new 
multiple range test revealed that the June 30 and Uy eS 
Sampling dates were drier in comparison to other sampling 
dates and the May 5 and June 7 samples were significantly 
wetter. The effect of treatment continued into the 1977 
sampling season (Table 19). During the second season, 
variability was also noted in the moisture content of the 
SO wath ‘depth. (o.=20 401). 

The values ior 3l\ibar, Fs ban and 1/3) bar 
moisture percentages for the Ellerslie soil are Se eas 
and 44%, respectively (unpublished data). Thus, it appears 
that the moisture contained in the Ellerslie soil was 
considerably below "field capacity" most of the sampling 
Season, and, in many instances, below the "permanent wilting 
point. 

The water available to the soil biomass was 
determined using the soil moisture retention curve for the 
Ellerslie soil. The water potentials (Ww) for the Ellerslie 
soil on the first sampling date are -28.3, -20.3, mate 2s 
and -26.3 atmospheres for the control, no vegetation, oil 


and paraffin soils, respectively. Such tensions are greater 
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TABLE? . Lo. 


Date: 


Sampling Depth: 


Treatment: 
Control 
No Veg'n 
Oil 


Paraffin 


Date: 


Sampling Depth: 


Treatment: 
Control 
No Veg'n 
Oil 


Paraffin 


Date: 


Sampling Depth: 


Treatment: 
Control 
No Veg'n 
Oat 


Paraffin 


3 cm 


ELLERSLIE OIL EXPERIMENT 
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intervals tooardeoth »of 12. cm, with 
accompanying standard deviations of the 

means. 
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than those under which moisture-sensitive organisms such 
as enchytraeids are able to survive. The determination 
of water activity (Aw) in the Ellerslie soils revealed 
Aw was in the range of 0.987, thus providing an adequately 
moisture-laden atmosphere for the soil meiofauna. However, 
On occasion, this value fell to 0.984 in the "no vegetation: 
treatment, thus demonstrating a moisture deficit. 
Bre!) pat 

There is assignificant effect of both sampling date 
and depth on the values of pH determined for the Ellerslie 
Sorta (Table 20 and Table zl)... ‘Variability in this) parameter 
would be expected with variations in soil moisture as well 
as the gaseous components of the soil atmosphere observed 


within the subsequent horizons of the soil profile. 


C. SOIL NITROGEN 

Ammonium and nitrate nitrogen were determined 
during the 1976 season (Table 22). Significant variation 
(p = 0.01) was noted in quantities of NH,” se Ni aa NO,” = iN 
in response to depth and sampling date. The "oil" and 
"paraffin" treatments contained significantly more NE” - N 
and NO3~ - N. 

Nitrogen may have been added to the soil along 
with oil. McGill et al., (1980) cited evidence for increased 
nitrogen fixation in oil-contaminated soils. Gainey (1917), 
however, gave evidence for the prevention of nitrate accumu- 
lation in soils where paraffin was mixed into the soil, or 


added surficially. Thus, this effect may have been encoun- 
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Date: 

Sampling Depth 
Treatment: 
Control 

No Veg'n 

Oil 


Paraffin 


Date: 

Sampling Depth 
Treatment: 
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L033. 
tered at the soil-paraffin boundary due to immobilization 
of nitrogen. However, the application of paraffin to the 
soil surface resulted in slightly elevated moisture levels. 
This may have induced microbial activity with subsequent 
increases in mineralization in an environment which 
apparently has a moisture deficit. 

The ammonium:nitrate ratios exceeded 1, which 
is commonly noted in many grassland soils (Soulides and 
@lark, 19585) Moore’ and Waid; 1971). The ote nies of) both 
NH,” - N and NO, - N increase during the year and tend 
to stay reasonably high relative to data reported for other 
grasslands (Woldendorp et al., 1966). This may be a 
result of a moisture deficit and a subsequent reduction in 


Plant growth, along with recycling) of litter:.in unharvésted 


Srces. 


D. SOIL TEMPERATURE 

The soil temperature differed “significantly with 
the sampling date (p=0.01) and treatment (p=0.01) during both 
sampling seasons (Table 23 and 24). Temperature was 
measured at depth in the 1977 sampling season only, and was 
found to vary significantly with the depth in the profile 
(p=0.01). The oiled soil was significantly cooler than the 
control soil in both sampling seasons. This may have been 
due to an elevated moisture level in this soil. The vegeta- 
tion present upon addition of the oil was killed, but not 


removed. However, a new crop of grass soon developed on 


these plots, thus the albedo was not reduced. 
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TABLE 24, 


Date: 
Depth: 


Treatment: 


Control 


No Veg'n 


Oil 


Paraffin 


Date: 
Depth: 


Treatment: 


Control 


No Veg'n 


Oil 


Paraffin 


Date: 
Depth: 


Treatment: 


Concrol 


No Veg'n 


Oil 


Paraffin 


ELLERSLIE OIL EXPERIMENT 
1977 - 


vie Air Temperature 


Temperature readings taken at 3 cm intervals 
(Ellerslie, 1977) 
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E, THE SOIL MICROATHROPODS 

Analysis of variance in the first sampling 
season was undertaken to determine the effect of treatment 
and sampling date on the Collembola and mites. The number 
of both Collembola and mites varied significantly (p = 0.05) 
with sampling date over the first sampling season (Table 25). 
No significant effect due to treatment was noted. In 
addition, no significant effect was noted in a direct 
comparisom of therscontrol and Morl™ soil (Table#26) and 
the control and “no vegetation" treatment (Table 27) using 
a -T-pes t. 

Factorial analysis of variance incorporated 
using the data from the 1977 sampling season (Table 28) 
revealed a differential effect on the Collembola and mites. 
For example, the Collembola. were™found to vary Significantly 
with the sampling date (p = 0.05). The mites, however, 
Varied significantly with the’ depth anithe horizon (p = 0.01). 
No effect was noted due to treatment during the 1977 sampling 
season. 

The number of Collembola and mites varied 
coincidently with changes in soil moisture. For example, 
the drier surface soil horizons experienced in the 28/06/77 
sample (Table 19) was coincident with a drop in the numbers 


of Collembola and mites at this soil depth. 
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TABLE: 26. 
Date: 
Control (0-3 
(3-6 
(6-9 
Od (0-3 
(3-6 


(6=9 


108. 


A comparison of the number of soil micro- 
arthropods found within the control soil, 
and those found in that treated with oil. 


Samples 
a depth 
mean as 
(n) are 


cm) 
cm) 


cm) 


cm) 
cm) 


cm) 


were taken in 3 cm intervals to 

of 9° cm.” Standard deviation of the 
well as the number of samples taken 
indicated. 
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TABLE 2 7. 


Date: 


Control 
Control 


No Veg'n 
No Veg'n 


Oil 


Paraffin 


ELLERSLIE OIL EXPERIMENT 


Gasried out in 1976. 


- 1977 - 


Enumeration of soil microarthropods for 26/04/77. 
Sampling was done on this occasion as it was 

The majority of samples 
Two treatments 


were taken to a 3-6 cm. depth. 


were chosen to be sampled at depth. 
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(0-3 cm) 
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DISCUSSION 


The Ellerslie soil was dry on most sampling 
Occasions, thus organisms living in this environment live 
under conditions of a moisture deficit. The single 
application of oil altered some of the characteristics 
of this environment: the moisture levels and NH,” and 
NO,” concentrations of the oil and paraffin soils were 
considerably higher than the control soil, and the 
temperature “Or “the oi] soil ”was considerably’ lower. Thus, 
pmyeactLimental errect’ due to Ol, such as tts toxicity, 
may have been overcome by a habitat more conducive for 
existence in these” soils.” The toxicity of the oil ”*could 
not have been ones taeei nae fOr-at no time did the “applied 
treatments “significantly alter the population of Collembola 
and mites. 

The conditions of this experiment do not simulate 
tnose found in the vicinity of a neavy Oot spill ,Pnowever, 
they do demonstrate the ability of the meiofauna to exist 
and maintain their population in the presence of low levels 
OL*O1l;, as May be tiound) at’ thervedgevoftan oif spill. “This 
study does indicate that small oil additions do not act 
aS a permanent sterilant, and that alterations in the soil 
character may actually be improved for the soil biomass 
under low levels of addition of oil. 

These data do not imply that soil microarthropods 


are immune but rather that the system is robust against some 
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of these effects. A number of mechanisms may be used by 
these organisms to escape the presence of oil. For example, 
the soil microarthropods are mobile, and may escape the 
approaching front of oil by a downward migration. Larger 
soil pores may provide areas of refuge from the oil and 
adsorption onto soil organic matter and litter may also 
reduce its accessibility to the meiofauna. The micro- 
arthropods which are initially killed by the volatile 
components of the oil, may be replaced by organisms 
migrating inward from the surrounding buffer regions, 
once the toxic components of the oil have been dissipated 
or decomposed by soil microbes. An example of an initial 
lethal effect of diesel fuel followed by recovery of nematode 
and harpacticoides populations has been provided by Wormald 
(1976). Following contamination of a sandy beach with 
diesel oil, nematodes and harpacticoides were initially 
completely eliminated. After one year meiofauna populations 
returned to normal and after 15-16 months more nematodes 
and harpacticoides were present in the contaminated than in 
adjacent control areas. In comparing these data with the 
present study it should be remembered that diesel fuel is 
more volatile and toxic than is crude oil and that sands 
are much less capable of buffering against effects of oil 
than are more organic or heavier textured soils (McGill 
ebval,, 19380). (The, toxie, characteristics Of o1)\on organisms 


if the two come into direct contact cannot be denied. However, 
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these data suggest that at low rates of oil addition to 

soil, many microsites may in fact not contain free oil 

capable of coming in contact with soil meiofauna. Further 
volatilization and adsorption and microbial decomposition 

in organic-rich soils may quickly remove the most directly 
toxic components of crude oil thus preventing their future 
contact with meiofauna. Further research is needed to 

explain mechanisms preventing meiofauna-oil contact in 

lightly contaminated soil and Fie an Laci titatingemeio- 


faunal reinvasion of previously contaminated areas. 
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SUMMARY 

The soil microflora and meiofauna contribute to 
the character of the soil organic. matter through their 
biomass, as well as their ability to recycle immobilized 
nutrients. In particular, the comminution of litter by the 
meiofauna increases the surface area of Organie -debrys sin 
addition to this function, translocation and Grazing of the 
microbial flora by Collembola and mites stimulates and 
distributes the microbial mineralization of organic constit- 
uents (Wiggin and Curl, 1979). Thus the microflora and meio- 
fauna work in conjunction to release immobilized nutrients, 


and it is this function that demonstrates their importance. 


Numerous studies on the taxonomic characterization 
of the soil meiofauna do not lead to any general conclusion 
in terms of interspecific relationships. These relationships, 
may differ from one soil to the next. Reichle (1971) states 
that the functioning of ecological systems is best under- 
stood in terms of trophic relationships, for they transcend 
taxonomic differences. The omission of one taxonomic 
group from a soil population does not result in a curtailed 
mineralization process, the omitted organism is replaced 
by one with similar trophic requirements. It is the nature 
of the soil environment which necessitates the adaptability 
of the soil organism to a variety of environmental conditions 
as well as substrate. For example, during litter deposition, 
the meiofauna has an adequate supply of organic detritus. 
This may be depleted, thus, forcing the meiofauna to exploit 


the smLcroLlora. 
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The soil biomass experiences spatial as well 
as temporal variability in soil characters such as moisture, 
temperature, pH, as well as substrate concentration. These 
characteristics not only vary from one soil or horizon to 
another, but, also on a micro-scale. The techniques used 
to quantify these parameters, are however, not sensitive 
enough to measure minute alterations which may be encoun- 
tered in these microsites. 

The soil is an environment which is compara- 
tively nutrient-limited, and highly competitive. When 
extracted, the soil solution could adequately provide 
substrate for an estimated 40-84% of the maximum growth 
rate expected of the microbial population under optimal 
conditions. However, a number of other factors must be 
considered in the soil environment, for example, diffusion 
is slowed in soil by adsorption which may act to reduce 
the availability of substrate to microsites. The physical 
accessibility of the substrate must also be considered. 
For example, substrates bound within the complex humic 
substances are available for utilization, and may be 
released into solution at a rate determined by the rate 
of decomposition of the more complex molecules. These 
adsorption processes are also inherent in clay minerals. 
Accessibility of organics appears to be a factor in 
controlling lethal effects of oil on soil as well as on 


Organic matter decomposition. 
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Thus, it is important to consider the system 
aS a whole, for the interaction of biomass and the 
physico-chemical make-up of a soil is an intimate one. 

The chemical milieu of a soil is determined by the parent 
material which forms the structural framework of that 
soil. In’ turn; the soil organisms, inhabiting that. soil 
are adapted to particular environmental conditions, and 
consequently contribute to mineralization processes and 
production of structural componets of thei soil. , Thus 
organisms are in turn affected by the environment they 
help create. 

This study attempted to examine portions of both 
the living and inanimate components of the soil environ- 
ment. A study of the water-soluble organic matter of the 
soil, as well as the measurement of the bacterial and meio- 
faunal population enabled a correlation of the substrate 
level of three soils to the soil organism. “The soil 
bacteria and Collembola and mites were found to follow 
the general trend set by readily utilizable carbon and soil 
moisture contents. 

A study of the effect of oil and simulated 
conditions of a spill (surface crusting and removal of 
vegetation) revealed no significant effect of treatment 
upon the soil Collembola and mites. However, the soil 
moisture, NH,” and NO,” concentration of the soil, “as 
well as soil temperature varied significantly with 


treatment and sampling date. 
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1. Gravimetric percentage moistures determined to a 6 cm depth. 
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2. Soil pH determined in 0.01 M CaCl, to a 6 cm depth. 


2 


Date: 31/05 7/06 15706 30/06 9/07 16/07 


Treatment Rep. 


Control 1 6.0 6.4 4 6.2 a26 6.0 
Z : > Ey 
3 6.0 Sy 5.0 565 Sie ais 
4 5 : 52 : A 
No Veg. ut * 520 : eye, 5 SKS. 
2 : ° 24 5.8 a 
3 d . 3 5S) Died Z 
4 Seis: 524 4.9 a2 sls) Se 
Ose u§ Deo eS 523 Se Si hs. 
2 io A S's Se: . : 
3 5.8 Dios : so 
4 STeKS) 4 4.9 5.4 20 5.6 
Para. L . 4.7 5.4 5.4 
2 i Be 32 a : : 
3 : 5.4 ° ° 
4 PAS: See 4.8 5.4 <6 . 


Yous 


: : 


APPENDIX A. 


ELLERSLIE OIL EXPERIMENT, 


1976 


363 


ee 


3. Soil temperature at the Ellerslie soil read at a 6 cm depth at 


1200 hr. 
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ELLERSLIE OIL EXPERIMENT, 
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4. The NH, -N (ug NH,-N/g O.D. soil) content of the Ellerslie soil 


determined to a 6 cm depth. 
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APPENDIX A, ELLERSLIE OIL EXPERIMENT, 1976 
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S- The NO3-N content (ug NO3-N/g O.D. soil) of the Ellerslie soil 
determined to a depth of 6 cm. 
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APPENDIX A, 


6. Enumeration of Arthropods in the Ellerslie soil determined at 
the 3-6 cm depth. 
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APPENDIX A. ELLERSLIE OIL EXPERIMENT, 1976 


ae re He) a ee 


7, Arthropod Enumeration: Comparison of control vs. oil treatment 
at depth. (Raw Data) 


Date: 30/06/76 
Treatment Rep. #Collembola tad #Mites m- 
Control 1 (0-3 cm) 5.9 x 10> 7.4 x 10> 
(0-3 cm) 6.1 x 10° 1.6 x 10° 
eren(O-34em) 1.2 x 10° 1.3 x 10° 
Control 1 (3-6:em) 3.0.x 10> 7.6 x 104 
2 (3-6 cm), 2.3 x 10° 1.8 x 10° 
3. (3-6 cm) 2.7 x 10° 1.9 x 10° 
Control 1 (6-9 cm) 1.3 x 10° 1.8 x 10° 
ua (6=9¢em) 8.0 x 10° 1.3 x 10° 
3. (6-9tcm) 4.7 x 10° 1.5 x 10° 
Oil 1 (0-3 cm) 3.7 x 10> 2.9 x 10° 
2.) 003 tem} 3.4 x 10° 8.9 x 104 
3p (OCS em) 3.5 ¥ 10° .8 x 10° 
Oil PU aha tem) 8.7 x 104 3.7 x 10° 
2 (3-6 cm) 8.3 x 104 1.4 x 10° 
3. (3-6 xm) 1.6 x 10 -4 x 10° 
Oil 1 (6-9 cm) Bal tp l07 9.9 x 10° 
2. (6-9 cm) 1.9 x 10 27 x e10 
3. (6-9 cm) -4 x 10° 2.3 x 10° 
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ELLEKSLIE OIL EXPERIMENT, 


—e——or—————— 


5; The gravimetric moisture percentage determined at 3 cm 


intervals to a depth of 12 ca. 


Date: 


Depth: 
Treatment 


Control 


No Veg. 


oil 


Para. 


Date: 


Control 


No Veg. 


oil 


Para. 


Date: 


Control 


No Veg. 


Oil 


Para. 


P 


WN BWNeY A2WNY BWDP 


BwWwnry BWNKY BWNRY BWP PY 


&BWnNeY 2WNeY BWNe AWN PE 


3/06/77 
3-6 cm 6-9 ca 
35.63 37.42 
35.99 37.24 
34.78 37.59 
67.44 35.55 
35.28 36.15 
35.47 35.68 
34.23 35.02 
35.84 33.78 
37.18 37.41 
34.77 36.08 
37.94 38.08 
36.82 39.27 
36.34 36.12 
S232 38.48 
35.18 S7ie3 
30/06/77 
17.40 17.63 
16.44 16.79 
19.59 20.06 
20.20 20.34 
17.38 17.26 
16.08 18.08 
D/C 19.05 
15.76 17.71 
15.88 15.95 
21.39 17.96 
20.97 21.46 
P22 18.18 
16.88 17.64 
18.56 21.85 
5 Resa br / 19.78 
18.51 18.03 
12/08/77 
24.30 BURR Ps 
24.32 28.45 
28.01 26.59 
29e37 27523 
26.51 23.40 
28.95 25.14 
21.97 20.28 
PLY STA L 15.40 
30.59 28.46 
32555 30.03 
-- 12.20 
30.53 31.08 
33.97 29.26 
29.63 2c. 
23.61 33.61 
PPYSTE Z3c05 


9-12 cm 


37.80 
35.22 
37.17 
30.73 


35.43 
36.30 
34.34 
50.51 


35.97 
35.44 
37.18 
36.56 


35.97 
36.21 
Sitio) 
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1977 


ELLERSLIE OIL EXPERIMENT, 


APPENDIX B. 


The pH (0.01 M CaCl,) in the Ellerslie soil determined to a 


=) 


12 cm depth at 3 cm. 


28/06/77 


Dates: 


3-6 cm 6-9 cm 9-12 cm 


0-3 cm 


Depth: 


Rep. 


Treatment 


5.7 6.0 


5.8 


Control 


ANOS 


No Veg. 


oil 


5.7 


5.3 


5.2 


5.4 


5.2 


Para. 


12/08/77 


Date: 


$.4 


See) 


Control 


5.7 


5.6 


ST 
5.4 


ANOS 


No Veg. 


AN 


oil 


5.3 


527 


5.5 


AE) 
5.3 


Soo 


Para. 
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APPENDIX B. ELLERSLIE OIL EXPERIMENT, 1977 


a. ee ee GS 
1 Q, The mid-day temperature readings of the Ellerslie soil read at 
3 cm intervals to a depth of 12 cm. 


Date: 3/06/77 
Depth: 0-3 cm 3-6 cn 6-9 cm 9-12 cm 
Treatment Rep. 
Control 1 12.8 Nib Us 10.8 _— 
2 12.0 10.5 10.1 -- 
3 12.5 11.4 10.9 - 
4 12.9 abiap | 10.9 - 
No Veg. 1 13.2 11.9 ee -- 
2 14.1 12.9 11.8 - 
3 14.0 ia? 11.8 _— 
4 14.5 13.0 12.0 _— 
oil 1 12.0 BB best | 10.6 -- 
2 13.1 12.0 LP _— 
5) ils feet 11.9 nb teak -- 
4 12.0 LLS2 10.9 -- 
Para. 1 13.0 See 132 -- 
7 cease PS2 10.2 -- 
3 LIS 1250 10.2 a 
4 12.0 10.1 10.0 -- 
Date: 28/06/77 
Control 1 20.7 st) 16.7 ae 
2 20.9 20.8 18.5 -- 
3 20.0 18.1 17.8 ed 
4 22.2 18.8 18.0 -- 
No Veg. 1 22.8 19.1 17.0 -- 
2 19,2 L752 16.2 -- 
3 25.9 22.0 19.0 -- 
4 23.9 20.9 18.9 -—- 
Oil a L705 15.8 14.9 -- 
2 19.5 WT fe) 16.9 -- 
3 18.9 16.5 16.0 -- 
4 19.5 17.6 17.0 _ 
Para. 1 24.9 ale 2 18.8 - 
2 19.0 Laie 16.9 + - 
3 20.8 19.0 17.9 - 
4 21.0 19.2 17.9 -- 
Date: 12/08/77 
Control 1 17.0 16.5 16.1 -- 
2 17.0 16.0 1.9 -_— 
3 16.2 LS eo: 14.9 -- 
4 niziepl 16.0 14.9 _ 
No Veg. uk 18.8 17.0 16.2 -- 
2 17.2 17.0 16.2 - 
3 18.2 Avice 16.9 -- 
4 17.8 17.0 16.2 -- 
Oil Bt 16.0 15.8 LS52 -_ 
2 16.8 15.8 2552 -- 
=} 16.0 Hohe | 1S.0 -- 
4 idisie: 15.9 S.2 -- 
Para. 1 18.8 dime 16.8 -- 
2 17.0 15.8 S30 -- 
3 16.5 15.9 1552 -- 
4 15.9 15.0 14.9 -- 
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11. Arthropod Enumeration: 
the soil fauna. 


Date: 


Treatment 


Control 


No Veg. 


O11 


Para. 


& Ww ND FF 


Pm WwW NHN - 


Rep. 


(3-6 
(3-6 
(3-6 
(3-6 


(3-6 


(3-6 


(3-6 
(3-6 


(3-6 
(3-6 
(3-6 
(3-6 


(3-6 
(3-6 
(3-6 
(3-6 


cm) 
cm) 
cm) 


cm) 


cm) 
cm) 
cm) 


cm) 


cm) 
cm) 
cm) 


cm) 


cm) 
cm) 
cm) 


cm) 


Comparison of effect of treatment on 


26/04/77 

~2 -2 

#Collembola m #Mites m 
6zlex 810" 7 oy eal 
3.2 x 10° 506 x 10° 
Paso" 104 A(@). Se 10° 

.8 x 104 A238) 110° 
aoe 104 ley 5% 10> 
95x10" an8 x 10° 

.9 x 10° Pees TOS 

.4 x 104 Bons 10° 

1 "or x 10> Way xi 10> 
Sghx 10% 253 x 107 
bee Kes Bans 107 
Fox 10° 3.9 x 10° 
15 0° 5.0 x 10° 


Data destroyed by fungi. 
Data destroyed by fungi. 
Data destroyed by fungi. 


A a 


i 
Cx #,¢ 
“OL X¥ Sat 


1 
oa 
q t 7 
i < 
Po nal 
bY 
a 
4 
i 7 
a; 7 ed i i“ 


n “ ‘ se I 


ae 


‘ i 1G Bete} 
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APPENDIX C. VARIATIONS IN WATER-SOLUBLE ORGANIC MATTER AND SOIL 
FAUNA OF THREE ALBERTA SOILS. 


Ellerslie: Gleyed Eluviated Black Chernozem 


13. Determination of gravimetric moisture percentage for the 
Ellerslie LFH horizons. 


Date: 16/06/77 30/08/77 
Sample Depth 
a3 OrAsh-oms | 53.0 70.4 
3- 6 cm 45.5 82.4 
6-9 cm 43.7 100.5 
9=12) cm 36.5 9052 
Z O- 3 cm 25.4 -- 
3=- 6 cm 40.6 = 
6- 9 cm 46.3 -- 
9-12 cm 33.0 -- 
a O- 3 cm Ses 42.0 
3- 6 cm 290 49.0 
6- 9 cm Zo a3 33.6 
9-12 cm 1330 3570 
4 O- 3 cm 28.8 38.6 
3-= 6 cm 330 90755 
6- 9 cm DSS) 34.0 
9-12 cm 44.7 S057 
5 O- 3 cm 27.4 46.4 
3- 6 cm 10.0 ADT. 
6- 9 cm -— 47.6 
9-12 cm 50.6 48.4 
6 O- 3 cm 36.0 ro a | 
3- 6 cm 34.5 8855 
6- 9 cm S602 5D 0 
9-12 cm Surah 67.6 
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APPENDIX C. VARIATIONS IN WATER-SOLUBLE ORGANIC MATTER AND SOIL 
FAUNA OF THREE ALBERTA SOILS. 


Ellerslie: Gleyed Eluviated Black Chernozem 


14. pH (0.01 M CaCly) (Raw Data). 15. Total Carbon (Raw Data). 
Total Carbon* 
Sample Depth PH ugms C/gm 0.D. soil 
uF O- 3 cm hee 280,260 
3- 6 cm 6.8 250,230 
6- 9 cm bod 230,250 
9-12 cm 6.6 250,230 
2 O- 3 cm ie? 260,200 
3- 6 cm 6.9 230,200 
6- 9 cm 6.7 180,200 
9-12 cm 6.7 110,110 
s O- 3 cm y pera k 220,200 
3= Oacm 6.8 210,250 
6- 9 cm Teal. 2105250 
9-12 cm 6.7 ELO RL LO 
4 O- 3 cm Yeas 220,140 
3- 6 cm 6.4 120,160 
6- 9 cm 6.4 170,160 
9- 12 cm 6.0 70,800 
iS) O- 3 cm 6.8 : 260,270 
3- 6 cm 6.8 190,250 
6- 9 cm 627 230,330 
9-12 cm 6.6 350,250 
6 O- 3 cm 6.6 270,260 
3- 6 cm 6.9 230,210 
6- 9 cm eye 250,280 
9-12 cm 620 300,270 
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* Duplicate samples. 
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APPENDIX C. 


VARIATIONS IN WATER-SOLUBLE ORGANIC MATTER AND SOIL FAUNA 


OF THREE ALBERTA SOILS. 


Ellerslie: 


Gleyed Eluviated Black Chernozem 
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a Oe 


Date: 


Bacterial counts. 


Analytical Rep: 


Sample 


1 


Depth 


999g 9898 8888 


8998 8885 


#Bacteria/gm O.D.soil 


1 


16/06/77 
(x 10°) 
2 3 
og | 29 
1 il 
36 18 
2 2. 
Te lew 
33 37 
- 19 
118 77 
28 19 
41 50 
46 44 
99 103 
41 31 
58 69 
Sik sis 
64 124 
59 80 
34 26 
40 35 
136 74 
50 54 
83 76 
74 86 


4 


5 


37 


#Bacteria/gm O.D.soil 


1 


ee) 
43 
40 


30/08/77 
(x 10°) 
ae 3 
100 Si, 
5 sueez 11 
29 Sib 
60 40 
35 26 
23 21 
35 47 
56 58 
IW6 7274 
36 39 
49 65 
29 31 
40 36 
88 61 
36 45 
34 33 
204 39 
97 68 
TE 79 
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APPENDIX C. VARIATIONS IN WATER-SOLUBLE ORGANIC MATTER AND SOIL 
FAUNA OF THREE ALBERTA SOILS. 


Ellerslie: Gleyed Eluviated Black Chernozem 


17. The number of Collembola and mites found in the Ellerslie LFH 


horizons. 
Date: 16/06/77 
#Collembola ae: #Mites m_ 
Sample Depth (x 10°) (x 10°) 
1 O- 3 cm 3 30 
3- 6 cm ie 30 
6- 9 cm 3 10 
9-12 cm 4 20 
2 O- 3 cm 3 10 
3-7 6 cm at 10 
6- 9 cm 3 50 
9-12 cm 1 10 
3 O- 3 cm 1 5 
3- 6 cm 1 10 
6- 9 cm i 6 
9-12 cm Es 10 
4 O- 3 cm S} 30 
3- 6 cm 3 50 
6- 9 cm 2. 20 
9-12 cm 2 40 
5 O- 3 cm 1 8 
3- 6 cm = = 
6- 9 cm 4 20 
9-12 cm 3 50 
6 O- 3 cm 10 30 
3- 6 cm 2) 30 
6- 9 cm 10 50 
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APPENDIX C. VARIATIONS IN WATER-SOLUBLE ORGANIC MATTER AND 
SOIL FAUNA OF THREE ALBERTA SOILS. 


Ellerslie: Mineral Horizons (Raw Data) 


18. Physico-chemical analysis of the Ellerslie mineral horizon. 


% Moisture SOLLIDH 
Sample Rep. (17709777) (O.01 M CaCl.) 


20.2 6 
20.0 6 
Le) G. 
2051 6 


mWD FE 


16.1. 6.5 
AS i he, 6.4 
15.9 6.4 
16.0 6.3 


m WN FH 


20.3 6.3 
20.2 6.3 
21.0 6575 
19.9 Ortz 


&m Wd EP 


19. Bacterial numbers of the Ellerslie:mineral horizons 
determined in PCA agar. 


z -—2 
#Bacteria m 


Rep. (x 10°) 
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APPENDIX C. VARIATIONS IN WATER-SOLUBLE ORGANIC MATTER AND SOIL 
FAUNA OF THREE ALBERTA SOILS. 


> 


Ellerslie: Mineral Horizons 


ls Sipe eee ee ee ee ee 


20. The number of Collembole and mites in the Ellerslie mineral 


horizon. 
-2 -2 
#Collembola n #Mites np 
Sample Depth (x 104) (x 105) 
16/06/77 
1 oH 3 ca 5 6 
3- 6 ca 1 3 
6- 9 ca 1 6 
9-12 ca 2 6 
2 O- 3 ca - - 
3- 6 cm - - 
6é- 9c - om 
9-12 ca - - 
3 O- 3 ca 1 10 
3- 6 ca 1 3 
6é- 9 ca 1 20 
9-12 ca 1 30 
4 O- 3 ca 1 2 
3- 6 ca 1 5 
6é- 9 =m 1 5 
9-12 cn 1 10 
5 Oo 3 cm 2 3 
3- 6 ca 1 10 
6- 9 cm 3 20 
9-12 cm af 6 
6 Oo 3 cm 4 20 
3- 6 cm 5 20 
6- 9 =a 1 10 
9-12 ca 1 3 
17/09/77 
1 Q- 3 20 60 
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, APPENDIX C. VARIATIONS IN WATER-SOLUBLE ORGANIC MATTER AND SOIL 
FAUNA OF THREE ALBERTA SOILS. 


Breton Gray Luvisol 


21. The gravimetric moisture percentage and pH (0.01 M Cacl.) 
for the Breton soil determined for four depths. 


Sample Depth % Moisture pH 
Mf O- 3 cm 226.8 Ose 
3- 6 cm 64.0 4.4 

6- 9 cm 24 35 Sie 

9-12 cm ne eel Deo 

2 O- 3 cm 3926 Ges 
3= 6 cm 6550 55,6 

9- 9 cm Qtr, ea 

9-12 cm 22e2 Siete 

3 O- 3 cm 244.1 S05 
3- 6 cm LOS 2 6.4 

6- 9 cm 4957 6.8 

9-12 cm 24.3 647 

4 O-.3 cm A S20 epi 
3- 6 cm 18825 Dee 

6- 9 cm Lo22 6.5 

9-12 cm EWA) TO 


22. Bacterial numbers of the Breton soil as determined on 


PCA agar. 
P 4 
Bacterial Numbers (x 10 ) 
Depth 6: ae SyaIDe 
O- 3 cm 5,000 40.7 
3- 6 cm 26 + 0.05 
6- 9 cm 40 + 0.06 


9-12 cm 33 + 0.06 
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